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ABSTRACT

Since 1965, an index live-count method has been used to anesiithate the number of coho
salmon in the escapement to the Skagit River. The accuracy aigibpretthe estimates from this
method have never been critically examined. A five-ygaject to examine alternative methods of
estimating the number of wild coho salmon in the escapeto the Skagit River was begun in
1986. In addition to the index live-count method, three othethods of estimating the coho
salmon escapement to the Skagit River were examined: 1figrk-recapture method; (2) a redd-
count expansion method; and (3) a method based on estiofidtes proportional contribution of
hatchery-produced coho salmon to the total escapeniéns report documents the results of
the mark-recapture portion of the project for 1988.

In 1988, coho salmon were captured with a beach seineeatmile 35 near the town of Lyman on
the Skagit River from 12 September through 15 November. &\ @bt1,970 coho salmon were
tagged with a jaw tag and marked with opercula punches. Teags recovered during surveys
designed to sample randomly the coho salmon escapement. chagryesamples were collected at
13 areas in the Skagit River drainage: Marblemount HatcBaker River trap; spawning grounds
in the Middle Skagit, Upper Skagit, Lower Sauk, Middle Sauk, Uig=ark, Suiattle, Cascade,
Nookachamps, and Carpenter sub-basins; and in commardedtdisheries. A total of 24,552
coho salmon were examined of which 24,028 fish were comesidarsample and 524 were not
considered part of the population subject to tagging.

A total of 464 tagged or marked coho salmon were recovrgdg in-sample surveys. The tag
recovery data indicate that approximately 2% of the cedlmon migrating through the lower
Skagit River tagging area were caught and tagged. About 3% afotio salmon returning to
Marblemount Hatchery and the Baker River trap had jas teampared to about 2% of the fish in
the samples from most of the sub-basin spawning grounds dbeveagging area, but this
difference was not significant. The tag recovery datiicate that some coho salmon from
spawning areas substantially downstream of the taggingnsite present in the tagging area.
There was one tag recovered in 1,257 coho salmon examined JOdd@i#tg spawning ground

surveys in the Nookachamps and Carpenter sub-basins.

The estimated abundance of coho salmon in 1988 was 70,751 fishavd5% confidence
interval of 64,614 to 78,516 fish. This estimate is for the numbeyhaf €almon migrating through
the tagging area after tagging began on 12 September. It indildesho salmon bound for
spawning areas above the tagging area and an unknowarfratthe salmon from spawning areas
in the Nookachamps and Carpenter sub-basins. This aburektimate was very precise (CV =
4.4%) because of the large number of fish examined for tagggdorsample surveys. To restrict
the estimate to spawning areas in the Middle Skagit ssip-tzand spawning areas above it,
adjustments were made to the number of tags released. Using the adjogted of tags released,
the estimated abundance for this more restricted are&/@892 coho salmonThe total return

of coho salmon to Skagit Bay in 1988 is estimated to be 86,265 fish. There were an etéoh
61,283 naturally-spawning coho salmon in the escapement to Skagit Rivepawning
grounds: 58,029 fish were estimated to have reached upstream spayvoingls and 3,254 coho
salmon were estimated for lower river (NookachampkG@arpenter sub-basins) spawning grounds
(see summary table on the next page).



Table summarizing the total return of coho salmonkag®
Bay in 1988 by its major components.

Componer Number of Fis
Total Terminal Run Size 86,265
Marblemount Hatchery 8,783
Baker River Hatchery 1,500
Commercial Fishery Catches 12,079
Test Fishery Catches 2,620
Subtotal 24,982

Wild Escapement
Upstream Areas 58,029
Lower Areas 3,254
Subtotal 61,283
Sport Catch 1,050

% An unknown portion of the sport catch should be subtracted
from the wild escapement and the remainder added to the
total terminal run size.
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INTRODUCTION

The Skagit River is the largest river system in the P&gaind region. It has 162 miles of
mainstem river and its headwaters are in Canada (Figuré@his system is one of the largest
producers of coho salmom®iicorhynchus kisutch) in northern Puget Sound. Coho salmon
from the Skagit River are caught in fisheries from Rerh California to Southeast Alaska and
are a major contributor to fisheries in the insidaineawaters of Georgia Strait and Puget
Sound (PFMC 1992). The Skagit River is managed for naturduption of coho salmon
(subsequently referred to as wild coho salmon). Insygdren the numbers of wild coho
salmon projected to return to the Skagit River are shigllleries from Cape Falcon, Oregon
to the US/Canada border have been constrained to ptbese fish (PFMC 1986, pg. 1lI-9;
and PFMC 1988, pg. IlI-11). Accurate annual assessmenteak status are required for
coho salmon from the Skagit River because this stockaffact the management of fisheries
over such a large geographic area. This ensures thatidis are not unnecessarily restricted
during years when there is not a conservation probfehrpaevents over-harvest of wild coho
salmon from the Skagit River during years of small returAn important component of the
information needed to accurately assess the statutdatatio salmon from the Skagit River is
an annual estimate of the number of coho salmonansgfawning escapement. Spawning
escapement, as used in this report, refers to the nwhbdult coho salmon which are present
in all natural spawning areas of the Skagit River ane hlae potential to spawn in these areas.
It does not include coho salmon returning to Marblemdiatthery or to the release site for
hatchery-produced coho salmon at the Baker River dam.

Since 1965, the Washington Department of Fish and WilW@FW) has used an index live-
count method to annually estimate the escapement of €galmon to the Skagit River (Flint
1983). The accuracy and precision of the estimates th@method have not been critically
examined. A five-year project to examine alternamnethods of estimating the number of wild
coho salmon in the spawning escapement to the Skagit ®Ras begun in 1986. This project
was conducted by the Skagit System Cooperative (SSQ@oipecation with personnel from
WDFW and Puget Power and Light. Three methods of egtightite spawning escapement of
coho salmon to the Skagit River were examined: (l)agk4recapture method; (2) a redd-
count method; and (3) a method based on estimates gbrdmortional contribution of
hatchery-produced coho salmon to the total escapement.

This report is the third in a series of reports thdit decument the studies conducted from
1986 through 1990 which examined different methods for estim#tm escapement of coho
salmon to the Skagit River. The 1986 and 1987 studies are sizeumaiespectively, in
Conrad et al. (1997 and 1998)This report summarizes the data and documents the
results of the mark-recapture portion of the project for 1988 Reports documenting the
results for the other years that tagging was conducted (12B2990) and the other methods
of estimation will follow. Some summary data frone tbther years of the study are used to
support some of the assumptions required for the analfdlsectagging data from 1988.
These data are documented in Conrad et al. (1997).



"PAIONPUOI 2IIM SAIAINS AI9A0II Te) IaUM SBATR 3} JO UONBOO] 9y} SUIMOYS WIASAS JOARY N3eS Yl Jo dejy ' 2Indn]

A I B
JOAIH sweq ejed|pu] —
ynes ieddn
AOA]
v_wﬂ;oe_ss
1oAY
Jjneg ©O|pPpIN
10 1eysid /
10 sdweyowdooN Mod "M \\\\.'
19 sdweyoeyoON o4 I %, d‘
1Ny emens ) UORIOON SHod "3 R ‘
IOA]Y epeosBe) JOAIH
ANES oMo ._oEoE.m‘_w
AieyoreH JOAIY
junowejqie ubexs e|ppinN
\J -
v

weq JeAlY lexeg 2

{f
) )i

ybnois yomig ? WBWAT el

J0AIH
ubeds Jeddn /5 NOLONIHSYM




METHODS

The description of methods is divided into four sectionBhe first section describes the
methods used to capture coho salmon for tagging and the gam@inedure. The second
section describes the surveys used to recover tags. inthides a description of the survey
procedures for each of the tag recovery areas. Sefitree summarizes the statistical
procedures used to estimate the abundance of coho sabnonthke tag release-and-recovery
data. The last section describes some miscellane@alyses conducted to examine migration
timing and the sex and length composition of the colmosathat were sampled.

Tagqging Methods

Beach Seining:

Coho salmon were captured for tagging using a beach sperated by a five-man crew.
Seining was conducted at a single site at about river 3bilnear the town of Lyman on the
Skagit River (Figure 2). A beach seine that was 4&fgy by 20 deep was used to capture
coho salmon. The seine had two wings: one wa®f@ and made of 3'5knotless nylon and
the other was 330ong and made of 2.75monofilament. The net had a’'3funt made of 2
knotless seine material. Cork spacing wa8 the bunt and two feet on the rest of the net.
The leadline was hung with 15 Ib per’' @ net. Modifications in net dimensions occurred
whenever the seine was damaged. Due to heavy useatiieé was rehung about every four
fishing days and the monofilament was replaced afteyeght to ten fishing days.

A boat was used to set the beach seine. One ené séie was held by two crew members
on a gravel bar while the boat backed away from tbeesand the net was set off the bow of
the boat. When the entire net was out, the boatétide net was towed downstream. The
other end of the net was attached to a four-wheel tiniek and driven slowly downstream.
Care was taken to prevent the shore-end of the netdedting ahead of the boat because fish
tended to lead away from the shore and around the latng the drift, a seine plunger (a
long pole with a cup on the end) was slammed into therwsgriodically to drive fish away
from the river-end of the net and toward the shoret aAore-designated point, the boat
returned to the gravel bar. Upon reaching the shoeebdhat-end of the net was attached to
the back of a second four-wheel drive truck. Both trubks pulled the net up the gravel bar,
perpendicular to the river, until only the bunt end of teé was in the water. The five-man
crew then pulled the bunt in by hand until the leadline wa shore while the cork line and
ends were cradled by the crew.
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Tagging Procedures:

Coho salmon were removed from the bunt and placed ititer ®f two net pens adjacent to
the capture site. All other species were counted andnest to the river. The pens were 3
by 5 by 5, constructed of PVC, and covered with'OMnotless nylon mesh. Each coho
salmon was taken from a net pen by a sampler wearitigncgloves and placed on a V-
shaped measuring board lined with high-density foam. A stiglygnumbered hog ring was
clamped around the lower left mandible of each fish ugipgir of hog-ring pliers and a 3/8
hole was punched in the rear center of each gill operculiima paper hole-puncher. The
fork length (measured to the nearest cm), sex of she diny external marks, and a qualitative
assessment of maturity (bright, blush, or dark) wererdesd for each fish with the date and
tag number. Each tagged salmon was held gently in ther watil its equilibrium was
regained before being released. If a tagged fish did not away or appeared to be injured it
was given a condition rating of “X-". Fish that swanvay normally were given a condition
rating of “X”. If a fish was especially vigorous whegleased a condition rating of “X+” was
assigned. Fish with severe physical impairments (@4 scale loss, torn opercula, deep
predator wounds) were released untagged. These included jacksalnon (male salmon
under 30 cm in length) which generally gilled in the net were unfit for tagging.

Tag Recovery Surveys

Only tags recovered during surveys designed to randomly sémept®ho salmon escapement
were used for the abundance estimates. These anedeferasn-sample recoveries Tag
recovery surveys were conducted by sampling: (1) alljsowned, surplused, or otherwise
sacrificed at Marblemount Hatchery; (2) all fish caughthe fish trap at Baker River dam;
(3) the catch by the in-river commercial fishery; él)test fishery catches; (5) every reachable
and identifiable dead coho salmon found during spawning groundsys; and (6) every coho
salmon caught in traps operated on: Fisher Creek and G@arggnreek Slough (tributaries to
Carpenter Creek); the East Fork of Nookachamps Creelkseda@reek (a tributary to the
Middle Skagit sub-basin); and Barnaby Slough (a tributaryhto Upper Skagit sub-basin).
During each survey or day of trap operation, the date, euwibcoho salmon inspected for
tags, number of tagged or marked (with the opercula punablegpéind, and tag numbers of
all coho salmon recovered with legible jaw tags weo®rded.

Marblemount Hatchery:

Samples were collected by three different methods atFWB Marblemount Hatchery:
spawned fish, surplused fish, and pond mortalities. Aftgrprocessing, hatchery personnel
sorted the fish from these groups into separate binsafpged/marked and unmarked fish.
SSC crews then re-checked these bins for coho samtbntags or marks. The date of
sampling, number of coho salmon inspected for tags, nuailiagged or marked fish found,
and tag numbers of all coho salmon recovered with gl tags were recorded.



Coho salmon were spawned at Marblemount Hatchery tet mpecific egg-take goals.
Spawning was conducted when the portion of the run fromhwiéggs were desired was
present and there were large numbers of fish in thdingolponds. Hatchery personnel
selected fish for spawning and sorted them into the &ftes spawning for SSC crews to
examine. Surplussed fish were those in excess opdwners needed for eggs. Surplus coho
salmon were periodically sacrificed and sorted into bms. The holding pond was
periodically surveyed for mortalities and any dead colm@awere removed and sorted into
the bins. A schematic of the Marblemount Hatchamsing procedure is shown in Figure 3.

Except for the pond mortalities, hatchery personnetcsedl the coho salmon for the other two
groups, spawned and surplussed, according to a visual asseskthenfish and the timing of
the return to Marblemount Hatchery. Therefore, thigse were not strictly sampled at
random and the percentage of tagged fish in these sampgleshave been influenced by the
selection process. However, sincecaho salmon returning to the hatchery were sampled, th
Marblemount Hatchery sample was a census and the saotplefor the entire spawning
season provided the best estimate of the percentagggdd coho salmon at Marblemount
Hatchery.

Baker River Trap:

A fish trap at Baker River dam caught all upstream miggagaimon. _Allcoho salmon caught
at the trap were examined. Fish caught in the trap wereded into a brail and several
removed at a time onto a sorting table. Each colmosawas examined for a tag or mark.
The sample date, condition, and tag number (when legigled recorded for any jaw-tagged
or opercula-punched coho salmon. After all live fisthia brail were removed, the racks and
screen of the trap were searched for dead fish. Tdrereentically to the Marblemount
Hatchery sample, the Baker River trap sample was ais@amsl the sample total for the entire
spawning season provided the best estimate of the pageenf tagged coho salmon at the
Baker River trap.

The Baker River stock is one of the earliest returomigo salmon stocks to the Skagit River.
Coho salmon were counted at the Baker River trap beémging began in the lower river
during two years of the study. In the other years efstludy, coho salmon were counted at
the trap so soon after tagging was initiated that wenasd some fish had migrated past the
tagging site before tagging had begun and, therefore, wesibgct to capture. Since these
early-arriving fish were not subject to tagging, we ededd them from the number of fish
examined for tags that was used for the population estinfaé., they were not considered in-
sample). We examined the number of days between eedgmsrecapture for all coho salmon
recovered at the Baker River trap during the five yebtagging. The minimum travel time
(number of days between being tagged and released intbe iwer and recovered at Baker
River trap) observed during the study years was four daysré@ et al. 1997). Therefore, all
fish counted at the Baker River trap prior to four daysrafhgging had begun were excluded
from the in-sample survey.
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In-River Commercial and Test Fisheries:

Tag recovery samples from the commercial catch wellected in conjunction with routine
commercial catch sampling activities. The Skagit Rigedivided into statistical areas for
commercial catch regulation (Figure 4). To allow tagovecy samples from the catch to be
analyzed by area of capture, all major salmon buyerse wstructed to place catches from
each statistical area into separate bins. This cegwuring the fishery for coho salmon in the
Upper Skagit River; there was no commercial fisheryclaum salmon in the Upper Skagit
River in 1988. Most samples were allocated to sub-a&&3-2, 78D-3, etc.) within Area
78D except for incidental catches of coho salmon duriegsteelhead fishery in the Upper
Skagit River which were not sorted by area. The Histion of these samples among the sub-
areas was used to allocate the entire

A test fishery was conducted each year by an SSCta@novide an in-season assessment of
the size of the coho salmon run. In 1988, test fishewere conducted in: Area 2;
Spudhouse; Blakes; and Bay and Jetty in Skagit Bay (Figur®#ff.and set gill nets used at
the test fish sites had mesh sizes ranging frénio56'. Hayman (1996) describes the test
fishing procedures in detail. All coho salmon caught duitiegtest fishery were inspected for
tags or marks.

Both WDFW and tribal commercial catch and hatchemgpdars in areas outside of the Skagit
River were notified to look for jaw tags from the Skdgiwer study. These recoveries allowed
us to assess the degree of out-of-system straying far salmon tagged in the mainstem of
the Skagit River.

Spawning Grounds:

Tag recovery surveys of the spawning grounds were condurct@shjunction with surveys to
estimate the coho salmon escapement using redd coumsafCet al. 1993). For the redd-
count method, the Skagit River system was stratifiemtimé nine sub-basins listed by Johnson
(1986): Carpenter; Nookachamps; Middle Skagit; Upper Skagit; L&aek; Middle Sauk;
Upper Sauk; Suiattle; and Cascade (Figure 1). Stream secdtioeach sub-basin were
surveyed from one to 18 times during the spawning perioddioo salmon. In 1988, about
25% of the total length of potential spawning habitaheSkagit River was surveyed (Conrad
et al. 1993). During spawning ground surveys, any coho salmaasses observed were
sampled for jaw tags and opercula marks. Gill opercula taigged carcasses were carefully
inspected for marks or healed marks. A healed (regedg¢nagk was evident as a perfectly
round discoloration on the gill cover that was lightecolor than the surrounding opercular
tissue. Occasionally a carcass could not be sampleauseoof a missing head due to
advanced decomposition or removal by predators. Unsaropltedsses were tallied during
each survey. The date, survey location, number of salmon carcasses sampled, number of
tagged or marked fish recovered, and tag numbers of all salhmn recovered with legible
jaw tags were recorded during these surveys. The caudal &fh sampled carcasses was
removed to prevent the carcass from being sampled agang dubsequent surveys.
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Tributary Traps:

There were six tributary traps operated in the Skagiesys 1988: four were operated by
SSC and two were operated by WDFW. SSC operated trafgSappenter Creek Slough (a
tributary to the Carpenter sub-basin); Etach (or Reanf&lough (a tributary to the Middle
Skagit sub-basin); the East Fork of Nookachamps Creelkthand/est Fork of Nookachamps
Creek (tributaries to the Nookachamps sub-basin). Whbetrtaps operated by WDFW were
part of a habitat enhancement study and were locateQaoeys Creek (a tributary to the
Middle Skagit sub-basin) and Suiattle Slough (a tributampéoSuiattle sub-basin). The traps
on Carpenter Slough and Etach Slough were wooden weirbltitked the entire creek and
funneled fish into a live box. The traps on the Eeast West Forks of Nookachamps Creek
were wire-mesh hoop traps that blocked only a portiothefcreek but had visual lead nets
attached that stretched from bank to bank. All trapeeviecated in areas that had easy
accessibility, a section of relatively straight atrechannel with a low gradient, and a stable
substrate.

All traps were checked and cleaned at least twice dailknotless-nylon dip net was used to
move the trapped coho salmon into a 30-gallon plasticacent filled with water. All coho
salmon caught were examined for tags or marks and tleased upstream. A Petersen disk
tag and a unique operculum punch (i.e., a punch pattern diffeoemtthat used in the main-
river tagging) were placed on all coho salmon releasedeathe traps. The trap crews also
recovered tags at the weirs from spawned-out carcassels had washed downstream from
the spawning areas (called rack recoveries). The céindahs cut off all rack recoveries.
The date, number of coho salmon sampled, number of taggedrked fish recovered, and
tag numbers of all coho salmon recovered with legietpgs were recorded.

Abundance Estimates

Two different mark-recapture models were used to estitt@enumber of coho salmon
passing through the tagging area in the lower Skagit RiverPetersen estimation model and
Darroch’s stratified estimation model. When tagging eswbvery occur over an extended
time period, such as occurred in this study, it is not mmeon to observe temporal changes in:
(1) the probability of capture of fish in the target popatg and/or (2) the probability of
finding a tagged fish during tag recovery surveys. When sbhahges occur the Petersen
model is often not the appropriate estimation modebeSg1982) describes a serieXtests

to determine whether the data are consistent witbtargen estimate. Specifically, the tests
determine whether the data are consistent with th@mMog four conditions: (1) there was
uniform recovery of tags across the tag recoveryast(&) there was uniform tagging across
the tag release strata; (3) there was complete miXingeopopulation between tagging and
recovery; and (4) the expected number of tags recovereacim stratum was proportional to
the number of unmarked individuals present.

Eames et al. (1981, 1983) describe the exact form of thetefor a study similar to ours in

both the study design and estimation procedures. They edpthum and coho salmon in
marine areas immediately in front of the mouths ojomaver systems in Puget Sound and
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tagged the fish with jaw tags. Tags were recovered dutingeys of spawning grounds
throughout these river systems. We followed procedundlaisto those described by Eames
et al. (1981, 1983) to determine the appropriate estimationlmode

Petersen Estimation Model:

The simplest and most commonly used model for estimatwgpdance from mark-recapture
data is the Petersen model. Conrad et al. (1997) discaiggetessary assumptions for the
Petersen model as implemented for this study.

Robson and Regier (1964) recommend that a Petersen estitiatde a minimum of seven
tag recaptures to ensure that the bias of the estimaegligible. Therefore, we estimated
abundance from the tagging data only when there weeastt $evemecaptures of tagged or
marked coho salmon from a recovery area. Chapmaniasatbform of the Petersen estimate
(Seber 1982) was used to estimate abundance. ConradE9l) describe the model and
the procedures used to estimate 95% confidence interifals.any Petersen-type estimator
(including Darroch’s stratified estimator), the abundamstimate depends upom the
proportion of the population tagged. The proportion of taghe second (recovery) sample
provides an estimate pf Generally, asp becomes smaller the estimated abundance becomes

larger for a given number of tags released.
Darroch’s Stratified Estimation Model:

Darroch (1961) developed a stratified population model for guasulations that is not
predicated on constant probabilities of capture or regové&he necessary assumptions for
this model are discussed in Seber (1982) and summarized bgdCetral. (1997). Conrad et
al. (1997) also describe the model and its application ¢otd release-and-recovery data
collected for this study.

Definition of Strata:

Two different tag recovery percentages were examinedetop define tag release and tag
recovery strata. To determine if the probabilityfiofling a tagged fish in recovery samples
was different among recovery locations or among diffetine periods at the same location,
the percentages of tags in recovery sampgeas(defined previously) were compared. The
percentages of tags recovered from releases during spgoédistratayt, were compared to
determine if there were differences in the probahdityecovering fish tagged during different
segments of the release period. For these testsina@essary to define temporal strata for
both the tag release data and the tag recovery datafomrecovery area.

Tag release strata were established by dividing thaseldata into four to six strata with
about an equal number of days of tagging in each stratuine. p&rcentages of tagged fish
recovered from each release stratump ere tested to determine if they were equal. If a
significant difference was foundP(< 0.10) additionalX® tests were conducted to more
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precisely define the release strata by pooling adjasteata which did not have significantly
differentt

Three different criteria were used to establish tagwexy strata: (1) number of days of
sampling; (2) number of tags recovered; and (3) number sbf éxamined for tags.
Initially, two recovery strata were defined by dividitige data so there were approximately
equal numbers of the criteria (days surveyed, numbergsf t&d number of fish examined) in
each stratum. The percentages of tagged fish in eaokergcstratum @) were tested to
determine if they were equal among recovery strataefmh stratification criteria. If a
significant difference was foundP & 0.10) additionak?® tests were conducted within the initial
strata to more precisely define the recovery strata.

Testingp andrt

Tests were conducted to determine if there were signfficlifferences in tag recovery
percentages (eithgr or ) between different samples or groups of fish (e.g., éetmsurveys
conducted by SSC and WDFW, or between samples collected) dlifferent time periods, or
between samples collected at different locations,etwéen male and female coho salmon).
When the expected number of tag recoveries for each gnoapcomparison was five or
greater, a standai¥f test (Conover 1980) was used to test for differenceagnrécovery
percentagesp(or m). If the number of tag recoveries was insufficient &4 X* test (one or
more cells with expected frequencies less than fivd)there were only two release strata or
recovery locations to compare, Fisher's exact t€sinpver 1980) was used. Otherwise, an
approximate randomization test (ART) was conducted (NorE®@89). An approximate
randomization test is a computer-intensive methodstinig whether the data in a contingency
table are similar. It is similar to Fisher’'s exéest but uses a computer to repeatedly resample
the data and approximately estimate the probabilitybséoving the configuration of the data
in the table (under the null hypothesis that the sangpkefrom the same population).

Selection of Estimation Models:

If we assume that coho salmon bound for each recarery are randomly sampled as they
migrate through the lower river tagging area, the regodlata (number of tagged or marked
fish found and number of fish examined) from each regoaeea can be used to estimpte
the percentage of the population that was tagged. If ypethesis of equajp among
recovery areas was not reject&d>0.10), the tag recovery data from the different aneae
pooled. The pooled data were then used in the tests ¢onue if the tag release-and-
recovery data were consistent with the Petersen matlelfeel that the variation ip among
the recovery areas generally reflects sampling vanat the recovery areas. The number of
carcasses examined for tags was relatively sma#idare recovery areas. In some cases, all
samples were collected from a relatively discrete and@n the general recovery area which
could influence the proportion of tagged carcasses presgemerally, the areas with greatly
different recovery percentages (more than a 0.5% differétom the major recovery areas)
had less than seven tag recoveries each. The diffpegoulation estimates that were
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generated using the data from different recovery aregso(@ed recovery areas) were usually
not significantly different from each other. Themrefowe selected the estimate with the
smallest coefficient of variation as the “bestiraste of abundance for each year.

The model used to estimate abundance, simple Petersddamoch’'s stratified, was

determined by the results of the tests for the camsigtof the data. The fo¥f tests used to
determine consistency are described by Seber (1982) drantiys et al. (1981, 1983).

Allocating Marked-Only Fish to Release Strata:

From 12% to 24% of the in-sample recoveries each yehaliag with an illegible number or
had no tag and were identified as tagged fish by the opgraothes. The release stratum for
these fish was unknown and had to be estimated fortrtdu#fisd estimator. Marked fish with
missing or illegible tags were allocated to releasatatwithin a recovery area based on the
proportional distribution of legible tags from each reéeatratum (Conrad et al. 1997). This
assumes that tag loss or tag illegibility is a randonegs® and that coho salmon tagged during
each release stratum have equal rates of tag losefdiegrfish with missing or illegible tags
are assumed to have a similar distribution for stratbimlease as fish with legible tags. If tag
loss (or a tag becoming illegible) is a time dependentqa®y then fish tagged during the
earlier release strata might be expected to have highes of tag loss and this assumption
would not be true. Eames et al. (1981, 1983) used procedurles sinours to allocate fish
recovered with missing tags to release strata in @teidy. Errors in the assignment of
marked-only fish to release strata affect only ther@zh estimate.

Additional Analyses

Several additional analyses of the data collected duaimpgirig and tag recovery surveys were
conducted. These included analyses to determine thegtinfirthe migration of different
spawning groups through the tagging area and analyses ohddength composition data.
These analyses were not required for the abundanceatgtifout were conducted to describe
the characteristics of the annual return of coho @alte the Skagit River during the study
years.

Migratory Timing to Major Recovery Areas:

The timing of coho salmon migrating through the loweenritagging area was estimated from
an analysis of the release dates of the tags reacbwerach major recovery area (excluding
commercial and test fisheries). Only areas with ¢enmore legible tag recoveries were
included in the analyses. Ten, 10-day time periods weiligedefor the migratory timing
calculations: (1) 1 September to 10 September; (2) 11 Septetab0 September;
(3) 21 September to 30 September; (4) 1 October to 10 Oct¢berll October to
20 October; (6) 21 October to 30 October; (7) 31 OctoberNoWember; (8) 10 November
to 19 November; (9) 20 November to 29 November; and (10) 3@rNoer to 9 December.
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Catch-per-unit effort (CPUE) by the beach seine usezhpdure coho salmon for tagging was
used to describe the timing of the run through the taggew iarthe lower river. CPUE was
calculated for each 10-day period as the total number laf salmon caught divided by the
total number of beach seine sets (catch per setg nilimber of tags recovered in each major
recovery area from each of the release periods waltasestimate the CPUE of coho salmon
bound for these areas. The CPUE of coho salmonrfecovery areg during release periad
was estimated by:

N F;
@y =+ (6]

the estimated CPUE of coho salmon from recoveea p during release

periodi,
the number of tags recovered in gréaat were released during perigénd
the number of beach seine sets made during period

where &,

Fij
fi

For each area analyzed, the CPUE estimated for eadhylPeriod was summed across all ten
time periods to estimate a season total CPUE of sahnon bound for that recovery area.
The estimated CPUE of coho salmon from recovery jadeaing time period was converted
to the percentage of this season total CPUE for exgoareg to describe migratory timing
(Mundy 1982). These data were then graphed so that the omgtaming patterns for the
major recovery areas could be compared.

Analyses of Sex and Length Composition Data:

Significant differences in the probability of recowgricoho salmon tagged during different
release periodsrff were found at some recovery locations in 1988. Tempeatls in the
probability of recovery could be due to changing envirartaleconditions at the tagging site
which influenced the probability of capture. For exampigh and low water conditions may
have influenced the effectiveness of the beach sesad to capture fish in the tagging area.
Under low water conditions a higher proportion of theasalmon present might have been
caught than under high water conditions. Another posskfganation is that physical
characteristics of the fish themselves (for examgds, or length) may influence both rate of
capture for tagging and rate of recovery in tag recoanptes. For example, the beach seine
may capture larger coho salmon at a higher rate thaflesrcoho salmon so that a higher
proportion of the larger fish were tagged. As long asetieerandom mixing of coho salmon
tagged during different time periods in the recovery at@ad,the recovery process does not
have the same selectivity as the capture procesgrdsents no problems for the abundance
estimates.

Significant differences in the probability of findingtag during surveys conducted at different
times in a recovery are@)(were often found. Temporal trends in the physicatatdiaristics
of the population, combined with temporal trends in capaffieiency at the tagging site,
could cause the changes observed. During spawning groundssunadg fish may be more
likely to end up in locations that are sampled than fermsth, or larger fish may have a higher
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probability of being seen and sampled during spawning groundysutiran smaller fish. The
available data were examined to determine if thedgemfes were present. The data used in
these analyses were the length and sex compositionfatatdl coho salmon tagged at the
lower river tagging site and the tag recovery data usedh®mpopulation estimates. Coho
salmon recovered with a missing or illegible tag butifggan operculum punch could not be
used since their length and sex were not recorded abfinregovery.

Seber (1982) recommends testing the release (tagging) anemng¢escapement) samples for
randomness with respect to length. The recovery sangdetested by comparing the length
distributions of individuals that were tagged but not repedéo those individuals that were
tagged and recoveredBoth a Mann-Whitney U test and a Kolmogorov-Smirij-S) test
(Conover 1980) were used to compare the length distributiocsho salmon from these two
groups. These same tests were also used to comparengile distributions of male and
female coho salmon that were tagged in the lower SRaggt .

If there was a significant difference between thgtlerdistributions of male and female coho
salmon subsequent analyses were conducted for eachpseats®y. If there was a significant
difference between the length distributions of cohansal which were tagged but not
recovered and those that were tagged and recovered, #sSvere performed sequentially on
the length distributions to determine length categori#is mo significant difference between
these two groups. Testing began between 65 and 70 cm (@b@bvethe length distributions
of the two groups were not significantly different) aeddth was sequentially decreased by
one cm intervals until a significant differende< 0.05) between the groups was found. A K-S
test was then performed on those fish that wereeatettgth of the significant difference or
smaller. If there was a significant difference betwehe fish which were tagged but not
recovered and those that were tagged and recovered thesproas repeated for the fish in
this smaller length range.
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RESULTS

The results of the tagging conducted in 1988 are summarizée ifoltowing five sections.
The summary consists of: (1) tag releases by day; §2etzoveries by location; (3) abundance
estimates produced using the tag release-and-recovery (datdditional analyses which
include migratory timing information from the releas@laecovery data and sex-length
composition data; and (5) a discussion of the “bestinasé of the number of coho salmon
migrating through the lower Skagit River tagging area.

There are two different tag recovery percentages pessentthe results: the percentage of
tags recovered from the tag releases during a specigcstiratum 1) and the percentage of

tagged fish in samples collected during tag recovery sufpgyslhe recovery data from each

major area were tested to determine if there werefisart temporal differences in both of

these percentages. The results of these tests deddrminch data were pooled and which
model was used to estimate the abundance of coho saisnog the recovery data for a

specific area or group of areas pooled.

Tag Releases

Tagging began on 12 September and continued through 15 NoveAbetal of 1,970 coho
salmon were tagged during 27 days of tagging (Table 1). Abouto24Be tagged fish were
eventually recovered during surveys conducted to estimateetttentage of tagged fish in the
escapement.

The percentage of each day’s release of tags that eecasered ranged from 0% to 50%
(Figure 5). Generally, coho salmon tagged and releasedydigptember were recovered at a
higher rate than those tagged and released in OctobéMamnber. Four temporal release
strata were defined to determine if there were sigmfidifferences it among the release
strata using the recoveries at each major area.folingelease strata were:

12 September to 20 September;
23 September to 7 October;

10 October to 21 October; and
25 October to 15 November.

PN

Significant differences it among the release strata were found for the recevete
Marblemount Hatchery, Suiattle sub-basin samples,daherercial fishery, and for the upriver
spawning grounds combined (Table 2). There were no sgmiftemporal differences m
among release strata at the other major recoveas §Baker River trap, and Middle Skagit,
Upper Skagit, and Lower Sauk sub-basin spawning grounds andll foecavery data
combined). These tests were conducted only for recareas with seven or more legible tag
recoveries.
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Table 1. Number of coho salmon tagged each day and nurhbersample tag

recoveries from each day’s release for the Skagitr RMZ88.

Number Tag Recoveries by Are® Recoveries
Date Taggec MMH BAK MSK USK LSA MSA USA SUl OTH CFS TFS Total % (m)
12-Sep 34 1 0 0 0 0 0 0 0 0 1 0 2 5.9%
13-Sep 60 3 3 0 0 0 0 0 0 0 2 0 8 13.3%
15-Sep 22 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
16-Sep 12 2 0 0 0 0 0 0 0 0 2 0 4 33.3%
19-Sep 45 5 1 0 0 0 0 1 0 0 4 0 11 24.4%
20-Sep 44 4 1 0 0 0 0 0 0 1 5 0 11  25.0%
23-Sep 64 5 0 0 0 0 0 0 0 0 11 0 16 25.0%
27-Sep 18 3 1 0 0 0 0 0 0 0 5 0 9 50.0%
28-Sep 35 1 4 0 0 0 0 0 0 0 8 0 13 37.1%
03-Oct 106 12 4 1 1 0 0 0 0 0 0 0 18 17.0%
04-Oct 61 8 4 0 0 1 0 0 0 0 0 0 13 21.3%
06-Oct 87 14 3 1 0 0 0 0 0 0 0 0 18 20.7%
07-Oct 164 26 6 1 0 0 0 0 0 0 0 1 34 20.7%
10-Oct 153 16 2 0 3 0 0 0 1 0 0 0 22 14.4%
11-Oct 52 6 5 0 0 0 1 0 0 0 0 0 12 23.1%
13-Oct 89 16 5 0 0 0 0 0 2 0 0 0 23 25.8%
14-Oct 295 42 12 4 2 2 1 0 1 3 0 0 67 22.7%
20-Oct 98 16 3 1 0 1 0 0 1 0 0 0 22 224%
21-Oct 176 20 8 1 1 0 0 0 0 0 0 0 30 17.0%
25-Oct 80 13 3 1 0 1 0 0 1 0 0 0 19 23.8%
26-Oct 66 3 2 0 0 0 0 0 0 0 1 0 6 9.1%
28-Oct 66 6 1 0 0 1 1 1 2 0 0 0 12 18.9%
01-Nov 37 2 1 0 0 1 1 0 1 0 1 1 8 21.6%
02-Nov 32 2 0 0 1 0 0 0 0 1 0 0 4 125%
09-Nov 18 2 0 0 1 0 0 0 0 0 1 0 4 222%
10-Nov 4 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
15-Nov 52 3 0 0 0 0 0 0 0 0 4 0 7 13.5%
UNKNOWN" 32 8 5 2 7 6 2 5 3 1 0 71
TOTALS 1,970 263 77 15 11 14 10 4 14 8 46 2 464
% Recovered 13.4% 3.9% 08% 0.6% 0.7% 05% 02% 0.7% 0.4% 2.3% 0.1% 23.6%

& Locations are: MMH - Marblemount Hatchery; BAK - Baker River trap; MSK - Middle Skagit sub-basin; USK -
Upper Skagit sub-basin; LSA - Lower Sauk sub-basinMSA - Middle Sauk sub-basin; USA - Upper Sauk sub-basin;
SUI - Suiattle sub-basin; OTH - Cascade, Nookachanspand Carpenter sub-basins; CFS - Commercial fisig; and
TFS - Test fishery.

b Fish recovered with no tag but having the secondamark (an operculum punch) or an illegible tag.
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Tag Recoveries

Samples to estimate were collected at 13 areas in the Skagit River drainaydotal of
24,552 coho salmon were examined of which 24,028 fish werdesad in-sample and 524
were not considered part of the population subject to tggddample surveys were conducted
at: Marblemount Hatchery; Baker River trap; spawning gisun the Middle Skagit, Upper
Skagit, Lower Sauk, Middle Sauk, Upper Sauk, Suiattle, Cascadekaghamps, and
Carpenter sub-basins; and in commercial and test iesheOf the 464 in-sample recoveries,
71 fish (15%) had a tag with an illegible number or had ssing tag and were identified as
tagged by the opercula punches. Most of the in-samplerases were at Marblemount
Hatchery (263 recoveries or 57% of all in-sample recesgri The areas with the next largest
number of tag recoveries were Baker River (77 or 17%) aaccommercial fishery (45 or
10%). Combined, these three areas account for 83%ionfsaimple recoveries.

The percentage of tagged fish in the escapement sangpléoifr the nine recovery areas
having seven or more tag recoveries ranged from 1.2%ifldle Skagit sub-basin samples to
3.7% for Cascade sub-basin samples (Table 3). Therewsamificant differencex{, P <
0.01) inp among these nine areas.

The average number of days between release and redovenysample tag recoveries was

about 39 days (Table 4). Tagged coho salmon recovereé ieshfishery had the shortest

average time between release and recovery, 7 daysagmddoveries from the Middle Sauk

sub-basin had the longest average time between redgmbeecovery, 90 days. For the

upstream recovery areas, tag recoveries at Baker Raerhad the earliest average day of
release (10 October) and recoveries from the Middle S#wbasin had the latest average day
of release (21 October).

Marblemount Hatchery:

Escapement samples were collected at Marblemount Hgtdteen 19 October through
17 January. A total of 8,783 coho salmon were examined@&Bdagged fish (3.0%) were
found (Appendix Table A-1). The Marblemount Hatchery sam@ considered a
census because all returning fish are sampled so thewdaganot examined for temporal
differences ip.

Baker River Trap:

Escapement samples were collected at Baker River apdrSeptember through 27 January.
A total of 2,820 coho salmon were examined for tagse8apon a four-day minimum travel
time from the tagging area to Baker River dam determiread &ll five years of tagging data
(Conrad et al. 1997), samples collected prior to 16 Septendyernot considered in-sample
since tagging did not begin until 12 September. A total 82 coho salmon were examined
for tags from 16 September through 27 January and 77 tagged2féhb)(were found
(Appendix Table A-2). The Baker River trap sample is oemed a census because all
returning fish are sampled so the data were not exarfunéemporal differences ip.
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Table 3. Summary of the percentage of tagged or marked salhmn found in each
recovery area during in-sample surveys of the Skagit Ri@38.

Fish Tags % Tagge

Recovery Area Time Period Examined Found ()]
Marblemount Hatchery 1. 19-Oct - 17-Jan 8,783 263 3.0%
Baker River Trap X.9-Sep - 13-Sep 39 0 0.0%
1. 16-Sep - 27-Jan 2,781 77 2.8%

Commercial Fishery 1. 22-Sep - 30-Sep 1,194 37 3.1%
2. 13-Dec - 20-Jan 934 8 0.9%

Total 2,128 45 2.1%

Middle Skagit Sub-basin 1. 20-Oct - 23-Feb 848 5 0.6%
Etach Slough Trap 1. 01-Nov - 30-Nov 122 7 5.7%

2. 01-Dec - 11-Feb 305 3 1.0%

Total 1,275 15 1.2%

Lower Sauk Sub-basin 1. 03-Nov - 27-Feb 654 14 2.1%
Suiattle Sub-basin 1. 14-Nov - 14-Feb 679 14 2.1%
Upper Skagit Sub-basin 1. 27-Oct - 29-Mar 479 11 2.3%
Middle Sauk Sub-basin 1. 22-Oct - 23-Feb 683 10 1.5%
Cascade Sub-basin 1. 07-Nov - 23-Feb 191 7 3.7%
Upper Sauk Sub-basin 1. 02-Nov - 15-Feb 50 4 8.0%
IN-SAMPLE TOTAL FOR UPSTREAM AREAS 17,703 460 2.6%
Carpenter Sub-basin 1. 23-Oct - 27-Jan 838 0 0.0%
Nookachamps Sub-basin 1. 04-Nov - 13-Jan 419 1 0.2%
Commercial Fishery (downstream)  X. 9-Sep 154 0 0.0%
1. 13-Sep - 19-Jan 2,792 1 <0.1%

Test Fishery (downstream) X. 17-Aug - 7-Sep 331 0 0.0%
1. 14-Sep - 04-Nov 2,276 2 0.1%

IN-SAMPLE TOTAL FOR DOWNSTREAM AREAS 6,325 4 0.1%
TOTAL CONSIDERED IN POPULATION BEFORE TAGGING 524 0 0.0%
IN-SAMPLE TOTAL FOR ALL AREAS 24,028 464 1.9%
GRAND TOTAL FOR ALL SAMPLES 24,552 464 1.9%

% Includes fish recovered with no tag but having the stmgnmark (an operculum punch) or
having an illegible tag.

® X indicates that these fish were considered to hiénpopulation before tagging began and not
subject to tagging (i.e., they were not considered inptafish for the abundance estimates).
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Commercial and Test Fishery Samples:

A commercial fishery was conducted in the river andSkagit Bay on 37 days between
9 September and 20 January. Catches from areas aboumlamdthe tagging site were
sampled. Recovery data collected on 9 September weteleddrom analysis since tagging
did not begin until 12 September. A total of 2,128 coho sawere examined for tags and
45 tagged fish (2.1%) were found in catches from areas abevéagging site (Appendix

Table A-3). For the upstream samples, there was dicignidifference X2, P < 0.01) inp
between the catches sampled in September and thosedampPlecember and January. After
tagging began, only one tagged coho salmon was found in 2séxiamined for tags from
catches in downstream areas (including Skagit Bay). \Regodata collected from the
downstream areas were not used for the population estimat

Test fisheries were conducted on 24 days between 17 AuguétNovember. Recovery data
collected from 17 August through 7 September were excludeddnaiygsis since tagging did
not begin until 12 September. A total of 2,276 coho salmere examined for tags after
tagging began and only two tagged fish (0.1%) were found (App@iadhle A-4).

Middle Skagit Sub-basin:

Tag recovery samples were collected during surveys of Mi8REgit sub-basin spawning
grounds conducted from 20 October through 23 February and atapson tributaries to the
sub-basin. Surveys were conducted by SSC crews. A @bt848 coho salmon were
examined for tags and 5 tagged fish (0.6%) were found duringutiveys and at the trap on
Careys Creek (Appendix Table A-5). The percentage ofitagamples collected from the
trap on Etach Slough was significantly differeXf, @ < 0.01) from the percentage in samples
collected during spawning ground surveys and at the othertheqgfore, the data were not
combined. There was not a significant difference lmetween samples collected on the rack
and at the trap on Etach Slough (Fisher's exact fst, 0.13) so these samples were
combined. A total of 427 coho salmon were examineteigs and 10 tagged fish (2.3%) were
found at the trap on Etach Slough (Appendix Table A-6). r@leas a significant difference
(Fisher’s exact tesf? < 0.01) inp between samples collected from 1 November through 30
November and samples collected after 30 November.

Upper Skagit Sub-basin:

Tag recovery samples were collected during surveys of UBgagit sub-basin spawning
grounds conducted from 27 October through 29 March. Surveys eoerducted by SSC
crews. A total of 479 coho salmon were examined for tagk 11 tagged fish (2.3%) were
found (Appendix Table A-7). The hypothesis of consgafar temporal strata in the recovery
samples could not be rejected.
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Lower Sauk Sub-basin:

Tag recovery samples were collected during surveys of Ldaeik sub-basin spawning
grounds conducted from 3 November through 27 February. Sumezgsconducted by SSC
crews. A total of 654 coho salmon were examined fgs &nd 14 tagged fish (2.1%) were
found (Appendix Table A-8). The hypothesis of constafar temporal strata in the recovery
samples could not be rejected.

Middle Sauk Sub-basin:

Tag recovery samples were collected during surveys of MiBdlek sub-basin spawning
grounds conducted from 22 October through 23 February. Sunargsoenducted by SSC
crews. A total of 683 coho salmon were examined fgs &nd 10 tagged fish (1.5%) were
found (Appendix Table A-9). The hypothesis of constafar temporal strata in the recovery
samples could not be rejected.

Upper Sauk Sub-basin:

Tag recovery samples were collected during surveys of UBpek sub-basin spawning
grounds conducted from 2 November through 15 February. Sumezgsconducted by SSC
crews. Only 50 coho salmon were examined for tags@undtégged fish (8.0%) were found
(Appendix Table A-10).

Suiattle Sub-basin:

Tag recovery samples were collected during surveys oftleusatb-basin spawning grounds
conducted from 14 November through 14 February and at a tr&uiatile Slough operated

by WDFW from 26 November through 6 February. Surveys werglucted by SSC crews.
There was not a significant differencepiletween samples collected during surveys and at the
trap (Fisher’s exact ted?, = 0.37) so the samples were combined. A total of 679 salnaon
were examined for tags and 14 tagged fish (2.1%) were found jdpp€able A-11). The
hypothesis of constaptfor temporal strata in the recovery samples coulaatjected.

Other Spawning Ground Surveys:

Spawning ground surveys were conducted in three other dxeadkachamps sub-basin,
Carpenter sub-basin, and Cascade sub-basin. Tag recamapjes were collected during
surveys of Nookachamps sub-basin spawning grounds by SSét @raps on the East and
West Forks of Nookachamps Creek. A total of 419 cohoosalvere examined for tags and
only one tagged fish (0.2%) was found (Appendix Table A-1Pawsing ground surveys of
the Carpenter sub-basin were conducted by SSC crews taad was operated by SSC on
Carpenter Creek Slough. A total of 838 coho salmon wemieed for tags but no tagged
fish (0.0%) were found in these samples (Appendix Table A-135C crews surveyed
Cascade sub-basin spawning grounds and examined 191 coho &appendix Table A-14).
Seven tags were recovered during surveys of the Cascathasnl{3.7%).
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Out-of-System Recoveries:

There were no jaw tags from the tagging conducted inkhgitSRiver during 1988 that were
recovered outside of the Skagit River system.

Abundance Estimates

Estimates of coho salmon abundance from the tag rgcdeg¢a for each major recovery area
having seven or more tag recoveries are summarizedile 5. The details of the abundance
estimate for each location are in Appendix B. The roengial fishery samples from the
upstream areas were not used to estimate abundance béwafliskery occurred during two
discrete time periods (with a 73 day interval betweemjhendp for these two periods was
significantly different X?, P < 0.01). There was also a significant difference Ietween the
samples collected at Etach Slough and at other Middle S&algibasin locations, and there
was a significant difference ip between temporal strata at Etach Slough. There ataa n
logical way to combine the data from the two tempstadta in Etach Slough with the other
Middle Skagit sub-basin data which overlapped both of the 8trata, so no estimate was
generated using Middle Skagit sub-basin recovery data. dimples from Marblemount
Hatchery and Baker River trap were both censuses gonttiee compared to determine if it

was appropriate to pool them. The two samples wersigoificantly different X?, P = 0.54)
SO an estimate was generated for the pooled data.

The five samples from sub-basins above the taggingveinedn had no significant temporal
differences inp (Lower Sauk, Middle Sauk, Suiattle, Upper Skagit, and Casocade}
compared and no significant differencespimvere found X, P = 0.44). The recovery data
from these locations were pooled to generate an dstimd&inally, p for Marblemount
Hatchery, Baker River trap, and the Lower Sauk, Middle S8ulattle, Upper Skagit, and
Cascade sub-basins were compared. The hypothesis opegasalnot rejecteckf, P = 0.17)
so these samples were pooled for an estimate.

Estimates of the number of coho salmon migrating throinghtagging area in the lower
Skagit River ranged from 47,303 coho salmon using Cascade sinbdpawning ground

recovery data to 122,559 coho salmon using Middle Sauk subspasiming ground recovery
data. Pooled Marblemount-Baker-Lower Sauk-Suiattle-UppegiSkhddle Sauk-Cascade

data provided the most precise estimate (CV = 4.4%). eShmate with the largest CV was
from Cascade sub-basin recovery data (CV = 32.6%). Thec@sfidence intervals for the
abundance estimates overlapped for each recovery area.
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Additional Analyses

The release data were divided into ten, 10-day time pefiwdfie migratory timing analysis
and to describe temporal patterns in the length and apasition of tagged coho salmon.
Coho salmon were tagged and released during seven optrasds.

Timing of Migrations to Major Recovery Areas:

The CPUE of coho salmon by the beach seine inoWverl river tagging area is shown by day
and for each 10-day period in Figure 6. CPUE peaked during thectidbed through
20 October time period. Three areas had ten or moogeges of legible tags which could be
used for the migratory timing calculations (Appendix Tahlé5). The trends in CPUE of
Marblemount Hatchery fish and fish bound for Baker Rivere very similar to the trend for
total CPUE by 10-day period (Figure 7). Coho salmon freeryeperiod with tag releases
were recovered at Marblemount Hatchery: this wastigarea in which this occurred.

Length and Sex Composition Analyses:

The sex and length data for the 1,970 coho salmon taggectlaaded in the lower Skagit
River and the 391 in-sample recoveries with legible tagy® wnalyzed. Both the K-S and M-
W tests which compared the lengths of coho salmon taygeabtrecovered to the lengths of
those tagged and recovered were significn& (0.01) indicating that the recovery samples
were not random with respect to length of fish. Thewes also a significant difference
between male and female length distributions (K-S fe@st,0.01), therefore, all subsequent
analyses of length were conducted for each sex separdtes evident from Figure 8 that
male coho salmon had a higher proportion of smalle@sdjfish less than 50 cm) than female
coho salmon. Coho salmon less than 50 cm in lengtipased about 36% of the males that
were tagged but only 4% of the female coho salmon teed vagged.

Males Tagged male coho salmon averaged 53.1 cm in fork length=(@24). The mean
length of male coho salmon that were tagged but notveeed was 52.5 cm (SE = 0.27)
compared to a mean length of 55.5 cm (SE = 0.44) for malke saimon that were tagged and
recovered. The length distribution of male coho saltiah were tagged but not recovered
was significantly different (K-S tesk < 0.01) from the distribution of those that were tagged
and recovered (Figure 9). Two length categories wereedefiom the sequential K-S tests
for male coho salmon: (1) fish with lengths less th@Grcm; and (2) fish with lengths equal to
or greater than 50 cm. The percentages of tagged cohonsmlreach length category that
were recovered were 9.7% and 25.9%, respectively (Appendig Aalb).
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Figure 7. Beach seine catch-per-unit effort (CPUE) ¢iocsalmon bound for major Skagit
River tag recovery areas in 1988. CPUE is for ten-dapgei(starting date of
period shown) and is expressed as a percentage of th€ Ri#& for tagged fish
recovered from the area.
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Figure 9. Comparison of length frequencies of coho salmon that were tagged but not recovered to those that were tagged

and recovered, for males and females, 1988.



Females Tagged female coho salmon averaged 58.4 cm in fork leS8&tl+(0.19). The mean
length of female coho salmon that were tagged but rmmivezed was 58.6 cm (SE = 0.21)
compared to a mean length of 57.4 cm (SE = 0.39) for fecndle salmon that were tagged
and recovered. The length distribution of female collm@n that were tagged but not
recovered was significantly different (K-S teBt< 0.01) from the distribution of those that
were tagged and recovered (Figure 9). Two length categaees defined from the
sequential K-S tests for female coho salmon: (1)vigh lengths less than 59 cm; and (2) fish
with lengths equal to or greater than 59 cm. The pergestaf tagged coho salmon in each
length category that were recovered were 24.0% and 14.2¢ectieely (Appendix Table
A-16).

Tag Recovery Ratehere was not a significant differenéé, @ = 0.71) in tag recovery rates
between male and female coho salmon. The highestofatag recovery, 25.9%, was for
males in the largest length categazyb0 cm) and the lowest tag recovery rate (9.7%) was for
males in the smallesk @9 cm) length category (Appendix Table A-16). There wasano
significant difference X¢, P = 0.18) in tag recovery rates among the release comditio
categories. There was a significant differeneR = 0.03) in tag recovery rates among the
maturity categories. Coho salmon classified as biiglast a 19.1% tag recovery rate while
those classified as dark had a 35.7% tag recovery rate (Aigpeable A-17).

Sex-Length CompositioThere were temporal changes in both the sex congroamnd length
composition for each sex during the tagging period (Figure I@g percentage of males in
the tagging samples gradually declined (from 61% to 49%) througheutlease period and
the percentage of females gradually increased (from 39%4%). The percentage of small
males € 49 cm) decreased throughout the release period as the tpgecai large males
(=50 cm) increased. The percentage of small and largdeterstarted at 78% and 22%,
respectively, and gradually converged to about equal propsrhgrithe end of the tagging
period.

Conclusions

The percentage of tagged coho saln@nir{ the samples from the major recovery areas garea
with seven or more tag recoveries) was not as densias in 1986 and 1987. About 3% of
the coho salmon returning to Marblemount Hatchery &aedBaker River trap were tagged,
while p for most of the samples from the sub-basin spawningngi® above the tagging area
was about 2% (Lower Sauk sub-basin 2.1%; Suiattle sub-Bd$i; Upper Skagit sub-basin
2.3%), but these differences were not significant. &teeptions were the Middle Skagit and
Middle Sauk sub-basins where 1.2% and 1.5%, respectivelgedish examined were tagged
or marked and the Cascade sub-basin whetas 3.7%. The tag recovery data indicate that
some coho salmon from spawning areas substantially stoyam of the tagging site were
present in the tagging area. There was one tag recbirerg257 coho salmon examined
(0.08%) during spawning ground surveys in the Nookachamps and n@argseib-basins
(Figure 1).
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We recommend that the estimate using the pooled Marbietrigaker-Lower Sauk- Suiattle-

Upper Skagit-Middle Sauk-Cascade data be considered the ‘@msgtiate of coho salmon

abundance for 1988. There was not a significant differam@eamong these areas. The
samples from two of the areas, Marblemount Hatchady Baker River trap, are censuses.
Combined, these two areas accounted for 86% of the tayeees and 81% of the fish

examined in the data used for the population estimaterefwere no temporal differences in
p in the samples from the five sub-basins. This ed@nuses the largest number of tag
recoveries (396) and therefore has the smallest C\é eftimate, 70,751 coho salmon (95%
confidence interval: 64,614 to 78,516), is for the numbersbf gresent in the lower Skagit

River tagging area during the period 12 September to 15 Noventer estimate includes

coho salmon bound for all spawning grounds above the taggaagand some portion of the
escapement to areas downstream of the tagging sitedovet recommend combining the
recovery data from the commercial fishery or the Mid8kagit sub-basin because of the
temporal differences ip for the samples from these recovery areas.
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DISCUSSION

The number of coho salmon in the escapement to thgitkigser was estimated using the tag
release-and-recovery data and the Petersen model.cussisn of how well the data meet the
major assumptions of the Petersen model and a defimfitine “population” which is being
estimated follows.

Population was Closed

We assume that some coho salmon migrated through thexdagygia before and after the
period of tagging (12 September through 15 November). AlthobhghPetersen model
generally assumes a closed population, the population capdmebut the exact point in time
to which the estimate applies must be specified (Seber .1982)feel the trend in CPUE for
the beach seine used to capture coho salmon for tagginglgscstrong evidence that the
tagging period encompassed the major portion of the cdmorsamigration. The CPUE was
low when tagging began and was followed by an increa€®WE to a peak during the period
11 October through 20 October. This was followed by argeiri CPUE in late October and
early November (Figure 6).

Similarly to 1986 and 1987, adjustments were made to thertomatber of fish examined at

Baker River trap to account for early-arriving fishttiheere not subject to tagging. Therefore,
the estimate includes only the portion of the populatiegrating through the tagging area
after tagging began.

If we assume there is recruitment to the population dcsdmon migrating through the
tagging area after tagging ends) but no mortality befoeefith reach their spawning areas,
and there is complete mixing of the fish on the spagvgitounds, then the abundance estimate
includes coho salmon migrating through the tagging area #ite last day of tagging
Sampling at Marblemount Hatchery and at Baker Riverwap conducted through 17 and 27
January, respectively. Tag recovery surveys were coadiuaot most sub-basin spawning
grounds until mid or late February. We feel there wadicmuit time for coho salmon
migrating through the tagging area after tagging had endedktwithithe fish already present
on the spawning grounds and at Marblemount Hatchery.

Area Encompassed by the Estimates:

The Petersen model estimates the number of coho samgoating though the tagging area in
the lower river during the time period defined above. @&smate includes all coho salmon
bound for spawning areas above the tagging area (includingievfeount Hatchery and Baker
River) and all spawning areas in the Middle Skagit submbalsove and including Hansen
Creek (Figure 1). However, the tag release-and-recaagsy suggest that only a fraction of
the coho salmon which spawned in the Carpenter and bak®s sub-basins passed through
the tagging area. The percentage of tags in the samplastliese areas combined, 0.06%
(including downstream commercial and test fishery sampleas much smaller than in the
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upstream recovery areas. This indicates that onlyreopoof the coho salmon from these
areas passed through the tagging area. Therefore, wiedmmnlbat the abundance estimate
does not include all of the coho salmon which spawnetienCarpenter and Nookachamps
sub-basins. If the total number of tagged fish that ategt to these downstream areas could
be estimated, this number could be removed from thé nataber of tags released and the
abundance estimate would include only coho salmon bouratdasupstream of the tagging
site and the Middle Skagit sub-basin. We estimated thebewwf tags “lost” to these
downstream areas so that we could examine the eff¢élcese tags on the abundance estimate
for the upstream areas.

Estimate of the Number of Tagged Fish “Lost” to Areasvidstream of the Tagging Area:

Tagged coho salmon were present in three groups of fish &reas downstream of the
tagging area: (1) commercial fishery catches; (2) tslsédy catches, and (3) fish spawning in
the Carpenter and Nookachamps sub-basins. The comineattcia in area 78D was sampled
by subareas (78D-2, 78D-3, and 78D-4; see Figure 4) in 1988 so we esiirhate the
percentage of tags in samples above and below the taggmg &he total commercial catch
from area 78D is not recorded by these sub-areas, how@bverefore, we assumed that the
proportional catch by sub-area for the commerciallcaaamples was the same as the entire
commercial catch for area 78D. We pooled all catcimelsagplied the percentage of tags
found in downstream commercial and test fishery sanfple=a 2, Spudhouse, Blakes, Bay
and Jetty; see Figure 4) to the pooled total. The nuofbergged fish present on spawning
grounds in the Carpenter and Nookachamps sub-basins wamtedt by applying the
percentage of tags found during in-sample surveys of theskeasuis combined (one tagged
fish found in 1,257 fish examined fpr= 0.08%) to an independent estimate of the number of
coho salmon spawning in these sub-basins. The spagringd escapement to these sub-
basins was estimated using a redd-count method (Conr&d1698). The numbers used for
these calculations are summarized in Appendix Table A\M@. estimated that a total of 10
tags could have been “lost” to these downstream ardélathe number of tags released is
adjusted to 1,960 (1,970 - 10), then (using the pooled Marblemoket-Bawer Sauk-
Suiattle-Upper Skagit-Middle Sauk-Cascade recovery data)stimated abundance for areas
upstream of the tagging area becomes 70¢8®® salmon. This is only 359 fish less than the
“unadjusted” estimate and is less than a one percentediffe.

The presence of coho salmon in the tagging area bourgygtems outside the Skagit River
would also affect the abundance estimate. In 1988, there mo out-of-system recoveries of
coho salmon tagged in the lower Skagit River. Therefweedo not feel that the contribution
of coho salmon bound for systems outside the Skagit Rigsra major source of error.
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All Coho Salmon Have an Equal Probability of Capture idufTagging or the Recovery
Sample is a Simple Random Sample of the Population

These assumptions are often hard to satisfy as ifffisullior impossible to obtain simple
random samples from highly dispersed and mobile populatiBostunately, the estimates are
still valid under certain alternative assumptions. Juid@®3) demonstrated that selectivity
(non-randomness) may exist in both the tagging and eeg@amples without introducing bias
in the estimate if the sources of selectivity intve samples are independent.

During the Skagit River study, there is evidence thattalyging sample may not have been
random with respect to time. Certain portions of plogulation may have been tagged at
higher rates than others. There is also evidendethiarecovery samples on the spawning
grounds were selective with respect to the length ofishe at least for males. Eames et al.
(1981, 1983) found that there was a correlation betweerofiraetry and size of coho salmon
for the returns to the Skagit River in 1976 and 1977. Snimllegenerally arrived earlier in
the run than larger fish. This presents a problemmihg of passage through the tagging area
is correlated with the size of fish aadea of spawning (Junge 1963). If such selectivity existed
the population estimates would contain a negative bidswever, we believe if such a bias
exists it is small because the majority of the taxpvery data used for the abundance estimate
was collected from areas where there was no sisetsdly (Marblemount Hatchery and
Baker River trap).

The use of different gears to obtain the tagging and ezgmamples is a common technique
for minimizing the bias due to selectivity (Ricker 1975p&e1982). In this study, coho
salmon were captured for tagging using a beach seine.v&gsamples were either a census
of all adults returning to an area (Marblemount Hatclaeny Baker River trap) and thus non-
selective, or were samples collected on the spawningngsoduring foot surveys (and to a
lesser extent by traps in some areas). We do nbthigeselectivity (non-random sampling)
was a significant source of bias for the estimatesumee: (1) the methods used to capture
coho salmon for tagging were different from those use@d¢over them; and (2) a majority of
the tag recoveries used to estimate abundance weretedligy a census.

Tagqging Does Not Affect the Catchability of an Animal

This assumption is necessary because some of thesatrhon passing through the tagging
area were subject to an in-river commercial fislagve the tagging area. If jaw-tagged coho
salmon were removed at a different rate than untaggedthe percentage of tags in any
recovery samples collected after this removal woulditberent from the percentage of tags in
the population immediately after tagging. There is ndexnge of selective removal of tagged
fish in the data. In 1988, the percentage of tagged figteicommercial fishery samples from

sub-areas of 78D upstream of the tagging area was edgahtatame as that observed on
most upstream spawning grounds with seven or more tagere®\(with the exception of the

Cascade sub-basin). The percentage of tags in the coianfishery samples was less than
that observed at Marblemount Hatchery and Baker Rnagr. t If tags were being removed
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selectively, we would expect the commercial fishenp@as to have a higher percentage of
tags than these samples.

Animals Do Not Lose Their Tags Between the First @adond Samples

In 1988, 15% of the tagged coho salmon recovered had missiliggdile tags. However,
the use of opercula punches on all tagged fish allowed salh@mn with missing tags to be
identified as previously tagged. Identified tag loss musidoeunted for only in the Darroch
estimate of abundance which requires that the releasedpef recovered individuals be
known. When there was no tag but an operculum punch wasnpi(es the tag was illegible),
the release period was estimated as described in thedesection. This was required only
when the Darroch estimate was selected as the appgeopmadel. The Darroch estimate was
not used for any of the abundance estimates produced in IH8&3.Petersen estimate was
selected as the appropriate model for all estimatedormsas all coho salmon with a missing
tag are identified by an operculum punch, the Petersenatstis not affected by the missing
tags.

All Tagged Animals are Reported in the Second Sample

Because the majority of the tag recoveries used forathendance estimates were from
Marblemount Hatchery, and all coho salmon at Marblamhddatchery were inspected twice
for tags, we expect very few jaw-tagged (or marked) figrewmissed. Live fish were
individually inspected for tags and marks at Baker River d@uring surveys of spawning
grounds, surveyors carefully inspected each carcass foparculum punch if no tag was
visible. Considering that some carcasses were adaanced state of decay it is possible that
some fish with a missing tag were not identified. In 12&®ut 6% of the carcasses examined
on the upriver spawning grounds (Middle Skagit sub-basin andeploould not be sampled
because of their condition.

There are No Mortalities Due to Tagging

Tests to determine the extent of tagging mortality veereducted during four of the five study
years. These tests and their results are documenteohirad et al. (1997). Based on these
tests we concluded that there was no evidence of taggiriglity. The tests provided strong
evidence that there was no short-term (within 48 howagying mortality. The tag recovery
data from the commercial fishery samples provide additi@vidence that there was no
delayed tagging-induced mortality occurring from two weeks upre months after tagging.
The average time between tag release and recovempdocommercial fishery recoveries,
about 11 days (Table 4), was the shortest of any ofips&ream recovery areas. Since the
coho salmon caught in the commercial fishery are catglatively soon after tagging, we
would expect that if there is any delayed mortality cdusg tagging it would cause the
commercial fishery samples to have a higher percemtbig®s than the samples that are taken
much later, further upstream. In 1988for the commercial fishery samples from upstream
areas (2.1%) was very similar to that for most ofupstream recovery areas.
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CONCLUSIONS

The estimated abundance of coho salmon in 1988 was 70,754itlisla 95% confidence
interval of 64,614 to 78,516 fish. The mark-recapture estiigater the number of coho
salmon migrating through the tagging area after tagging begd? September. It includes
all coho salmon bound for spawning areas above the taggaa and an unknown fraction of
the salmon from spawning areas in the Nookachamps angei@ar sub-basins. This
abundance estimate was very precise (CV = 4.4%) becdutee darge number of fish
examined for tags during in-sample surveys. To restietestimate to spawning areas in the
Middle Skagit sub-basin and spawning areas above it, adpistmvere made to the number of
tags released. Using the adjusted number of tags reléhsegstimated abundance for this
more restricted area was 70,392 coho salmon. The varmdribis estimate was not calculated
because of the unknown precision for the estimated nuoibtags “lost” to downstream
areas. The adjusted estimate falls within the 95% demde interval of the original estimate.

To estimate the number of “wild” coho salmon whichateed upstream spawning areas in the
Skagit River during 1988, the number of hatchery fish pluscatohes by the commercial and
test fisheries above the tagging area need to be reniom the adjusted estimate and the
number of fish which migrated through the tagging area podagging needs to be added.
Since fish which migrated through the tagging area befoyging began are included in the
spawning ground samples, only prior-migrating fish returnin@aker River or caught in the
commercial fishery need to be included. Since the metarthe Baker River trap was
censused, we have a total count of the prior-migratsigtb this area, 39 fish. Although all
in-river catches were recorded on fish tickets, theaseh of harvest within area 78D was not
indicated on the ticket. Therefore, it was necessarestimate the distribution of the
commercial catch in area 78D to areas above and haBwagging site using the distribution
of the commercial catch samples among areas 78D-1, 78D-23,78Dd 78D-4. In-
population sport catches should also be subtracted froadjhsted estimate. In-river catches
of coho salmon by the sport fishery in the Skagit Rivere estimated to be only 1,050 fish in
1988 (WDF 1992) and were not included in the summary totaleaspidcific dates and areas
of harvest of these fish are unknown. A summary etdtial terminal area run of coho salmon
to the Skagit River in 1988 is presented in TableThe total terminal area run of coho
salmon to the Skagit River in 1988 is estimated to be 86,265 fisiAn estimated 61,283
coho salmon were in the “wild” escapement to Skagit River spawmy grounds 58,029
fish were estimated to have reached upstream spawningdgrand 3,254 coho salmon were
estimated for lower river (Nookachamps and Carpenterbasio) spawning grounds. For
comparison, the escapement of “wild” coho salmon toglBkRiver spawning grounds
estimated using index area surveys was 19,000 fish (Jeff atkhWVDFW, personal
communication). An alternative estimate, derived frlGWWT recoveries in the test fisheries
and trap recoveries (Hayman 1996), was for a wild escapenfet¥,000 to 72,000 fish
(depending upon the hatchery stray rate assumed); tmsasstivas subsequently refined for a
wild escapement estimate of 67,600 fish (Hayman 1997). Usiaddacount method, Conrad
et al. (1993) estimated the wild escapement to be 75,000 to 11&bB0@gsuming two or
three coho salmon per redd, respectively).
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Table 6. Summary of the number of coho salmon retutoirgkagit Bay in 1988.

Out of

Component In-Population Population Total
Upstream Estimated Total 70,392 40 70,432
Marblemount Hatchery 8,783 0 8,783
Baker River Hatchefy 1,499 1 1,500
Area 78D-3, 78D-4 Commercial Catch 2,119 1 2,120
Upstream Test Fishery Catch 0 0 0
Upstream Removals and Hatchery Fish 12,401 2 12,403
Estimated “Wild” Esc_:apement 57.991 38 58.029
to Upstream Spawning Areas
Nookachamps Sub-basin Estimated Escapement 1,405 1,405
Carpenter Sub-basin Estimated Escapement 1,849 1,849
Areas 78D-1, 78D-2, 78C, 8E, 8 Commercial Catches 9,959 9,959
Downstream Test Fishery Catch 2,620 2,620
Downstream Total 15,833 15,833
Wild” Escapemerftto Spawning 57.991 3.202 61.283
Grounds
Total Terminal Run to Skagit Bay 70,392 15,873 86,265

# Total number of hatchery coho salmon that returneatiédBaker River trap. All coho salmon smolts from
the Baker River Hatchery in the 1985 brood year (whicharily returned during 1988) were adipose fin
clipped. The total return of coho salmon to the BakgeRrap was 2,820 fish in 1988. Of these, 1,500
fish had adipose fin clips (i.e., were hatchery fighg &,320 were unmarked fish (assumed to be wild coho
salmon). Of the unmarked fish, 38 returned prior to tret flay of tagging and were considered out-of-
population. The wild totals are included in the “wild” &sement numbers.

® Includes estimated “wild” escapement to upstream spawniegsaand estimated escapement to the

Nookachamps and Carpenter sub-basins (from Conradl&93).

¢ The estimated catch by the in-river sport fishery @0 coho salmon, but the specific dates and areas of

harvest of these fish are unknown. The total wildapsment should be reduced by the number of coho
salmon caught in the sport fishery in upstream arees taffjging began. The total terminal run should be
increased by the number caught in downstream area$ooe Iegging started.
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APPENDIX A

Summary tables of sample data for 1988.
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Appendix Table A-1. Summary of coho salmon escapementpleantollected at
Marblemount Hatchery in 1988.

Sample Number of Number of % with Tags
Date Sample Method Fish Examined Tags Found (p)
19-Oct Surplussed 857 16 1.9%
7-Nov Pond Mortality 14 0 0.0%
10-Nov Surplussed 25 0 0.0%
14-Nov Pond Mortality 15 0 0.0%
15-Nov Pond Mortality 15 1 6.7%

Spawned 1,546 65 4.2%

Total 1,561 66 4.2%

22-Nov Pond Mortality 6 1 16.7%
Spawned 1,535 62 4.0%

Total 1,541 63 4.1%

28-Nov Pond Mortality 40 1 2.5%
29-Nov Pond Mortality 46 2 4.3%
Spawned 1,242 40 3.2%

Total 1,288 42 3.3%

30-Nov Pond Mortality 56 2 3.6%
Spawned 1,029 31 3.0%

Total 1,085 33 3.0%

6-Dec Pond Mortality 8 0 0.0%
Spawned 773 12 1.6%

Total 781 12 1.5%

7-Dec Pond Mortality 164 3 1.8%
13-Dec Pond Mortality 23 0 0.0%
Spawned 31 0 0.0%

Total 54 0 0.0%

20-Dec Pond Mortality 146 4 2.7%
Spawned 790 16 2.0%

Total 936 20 2.1%

27-Dec Pond Mortality 142 2 1.4%
28-Dec Pond Mortality 12 2 16.7%
4-Jan Pond Mortality 96 1 1.0%
Surplussed 137 1 0.7%

Total 233 2 0.9%

17-Jan Pond Mortality 35 1 2.9%
Subtotals Pond Mortality 818 20 2.4%
Surplussed 1,019 17 1.7%

Spawned 6,946 226 3.3%

IN-SAMPLE TOTAL 8,783 263 3.0%

% Includes fish recovered with no tag but having the s#amgnmark (an opercula
punch) or having an illegible tag.
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Appendix Table A-2.  Summary of coho salmon escapementlsamollected at Baker
River trap in 1988.

Sample Number of Number of % with Tags
Date Fish Examined Tags Foundi 0)

9-Ser 12 C 0.0%
13-Ser 27 C 0.0%
Subtota 39 C 0.0%
16-Ser 16 C 0.0%
19-Ser 32 C 0.0%
21-Seg 9 C 0.0%
23-Seg 22 1 4.5%
26-Sey 30 C 0.0%
28-Sey 38 C 0.0%
3C-Ser 79 C 0.0%
3-Oct 11z 3 2.7%
5-Oct 10¢ C 0.0%
7-Oct 77 1 1.3%
1C-Oct 99 C 0.0%
12-Oct 10t C 0.0%
14-Oct 67 C 0.0%
17-Oct 34 1 2.9%
19-Oct 60 C 0.0%
21-Oct 45 3 6.7%
24-Ocl 22¢ 8 3.5%
26-Ocl 31¢ 7 2.2%
28-Oct 16z 8 4.9Y%
31-Oct 124 6 4.8%
2-Nov 13¢ S 6.5%
4-Nov 12: 8 6.5%
7-Nov 13¢ 2 1.4%
1C-Nov 92 6 6.5%
14-Nov 11¢ 3 2.6%
16-Nov 34 3 8.8%
18-Nov 51 1 2.0%
21-Nov 60 2 3.3%
23-Nov 40 C 0.0%
28-Nov 52 1 1.9%
2-Dec 24 C 0.0%
6-Dec 9 C 0.0%
9-Dec 22 C 0.0%
13-Dec 54 1 1.9%
16-Dec 13 1 7.7%
20-Dec 7 1 14.3%
23-Dec 8 1 12.5%
3C-Dec 18 C 0.0%
6-Jar 5 C 0.0%
13-Jar 3 C 0.0%
2C-Jar 5 C 0.0%
27-Jar 1 C 0.0%
IN-SAMPLE TOTAL 2,781 77 2.8%

% Includes fish recovered with no tag but having the sgegnmark (an opercula punch)
or having an illegible tag.
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Appendix Table A-5.  Summary of coho salmon escapementlissiiniom the Middle Skagit
sub-basin collected during spawning ground surveys by Skagersys
Cooperative crews and at a trap on Careys Creek, 1988.

SURVEYS CAREYS CREEK TRAP SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found p Examined Found p Examined Found p
20-Oct 0 0 0.0% 0 0 0.0%
25-Oct 0 0 0.0% 0 0 0.0%
1-Nov 0 0 0.0% 0 0 0.0%
3-Nov 0 0 0.0% 0 0 0.0%
8-Nov 0 0 0.0% 0 0 0.0%
15-Nov 2 0 0.0% 2 0 0.0%
16-Nov 3 0 0.0% 3 0 0.0%
17-Nov 1 0 0.0% 1 0 0.0%
18-Nov 3 0 0.0% 3 0 0.0%
23-Nov 7 0 0.0% 15 1 6.7% 22 1 4.5%
29-Nov 4 0 0.0% 4 0 0.0%
30-Nov 19 0 0.0% 19 0 0.0%
1-Dec 11 0 0.0% 11 0 0.0%
2-Dec 12 0 0.0% 12 0 0.0%
6-Dec 2 0 0.0% 2 0 0.0%
7-Dec 38 0 0.0% 38 0 0.0%
8-Dec 64 0 0.0% 64 0 0.0%
12-Dec 53 1 1.9% 53 1 1.9%
13-Dec 6 0 0.0% 6 0 0.0%
14-Dec 21 1 4.8% 21 1 4.8%
15-Dec 38 0 0.0% 38 0 0.0%
16-Dec 17 1 5.9% 17 1 5.9%
19-Dec 21 0 0.0% 21 0 0.0%
20-Dec 15 0 0.0% 15 0 0.0%
21-Dec 2 0 0.0% 2 0 0.0%
22-Dec 20 0 0.0% 20 0 0.0%
23-Dec 79 0 0.0% 79 0 0.0%
27-Dec 45 0 0.0% 45 0 0.0%
28-Dec 56 1 1.8% 56 1 1.8%
29-Dec 25 0 0.0% 25 0 0.0%
3-Jan 1 0 0.0% 1 0 0.0%
5-Jan 84 0 0.0% 84 0 0.0%
6-Jan 25 0 0.0% 25 0 0.0%
9-Jan 0 0 0.0% 0 0 0.0%
11-Jan 0 0 0.0% 0 0 0.0%
12-Jan 40 0 0.0% 40 0 0.0%
13-Jan 17 0 0.0% 17 0 0.0%
20-Jan 43 0 0.0% 43 0 0.0%
23-Jan 13 0 0.0% 13 0 0.0%
25-Jan 0 0 0.0% 0 0 0.0%
26-Jan 4 0 0.0% 4 0 0.0%
27-Jan 39 0 0.0% 39 0 0.0%
7-Feb 0 0 0.0% 0 0 0.0%
13-Feb 3 0 0.0% 3 0 0.0%
16-Feb 0 0 0.0% 0 0 0.0%
21-Feb 0 0 0.0% 0 0 0.0%
22-Feb 0 0 0.0% 0 0 0.0%
23-Feb 0 0 0.0% 0 0 0.0%
IN-SAMPLE 833 4 0.5% 15 1 6.7% 848 5 0.6%
TOTAL

a

Includes fish recovered with no tag but having tlemsgary mark (an opercula punch) or having an
illegible tag.
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Appendix Table A-6.

System Cooperative, 1988.

Summary of coho salmon escapementlearinom the Middle Skagit
sub-basin collected at a trap on Etach Slough operate8kayit

51

RACK RECOVERIES TRAP RECOVERIES SAMPLES COMBINED
Number Tags Number Tags Number Tags
Date Examined Found p Examined  Found p Examined  Found' p
1-Nov 2 0 0.0% 2 0 0.0%
3-Nov 1 0 0.0% 1 0 0.0%
4-Nov 1 0 0.0% 1 0 0.0%
5-Nov 2 0 0.0% 2 0 0.0%
7-Nov 9 1 11.1% 9 1 11.1%
8-Nov 2 0 0.0% 2 0 0.0%
9-Nov 2 0 0.0% 2 0 0.0%
10-Nov 3 1 33.3% 3 1 33.3%
11-Nov 7 1 14.3% 7 1 14.3%
12-Nov 6 1 16.7% 6 1 16.7%
13-Nov 1 0 0.0% 1 0 0.0%
14-Nov 0 0 0.0% 2 0 0.0% 2 0 0.0%
16-Nov 1 0 0.0% 1 0 0.0%
17-Nov 1 0 0.0% 1 0 0.0%
20-Nov 1 1 100.0% 21 1 4.8% 22 2 9.1%
21-Nov 16 0 0.0% 16 0 0.0%
22-Nov 9 0 0.0% 9 0 0.0%
23-Nov 1 1 100.0% 1 0 0.0% 2 1 50.0%
24-Nov 3 0 0.0% 5 0 0.0% 8 0 0.0%
25-Nov 2 0 0.0% 2 0 0.0%
26-Nov 1 0 0.0% 1 0 0.0%
27-Nov 2 0 0.0% 2 0 0.0%
28-Nov 6 0 0.0% 6 0 0.0%
29-Nov 2 0 0.0% 6 0 0.0% 8 0 0.0%
30-Nov 2 0 0.0% 4 0 0.0% 6 0 0.0%
Subtotal 11 2 18.2% 111 5 4.5% 122 7 5.7%
1-Dec 1 0 0.0% 5 0 0.0% 6 0 0.0%
2-Dec 2 0 0.0% 2 0 0.0% 4 0 0.0%
3-Dec 8 0 0.0% 8 0 0.0%
4-Dec 0 0 0.0% 1 0 0.0% 1 0 0.0%
5-Dec 0 0 0.0% 2 0 0.0% 2 0 0.0%
6-Dec 3 0 0.0% 6 1 16.7% 9 1 11.1%
7-Dec 2 0 0.0% 5 0 0.0% 7 0 0.0%
8-Dec 0 0 0.0% 2 0 0.0% 2 0 0.0%
9-Dec 0 0 0.0% 3 0 0.0% 3 0 0.0%
10-Dec 1 0 0.0% 1 0 0.0% 2 0 0.0%
11-Dec 2 0 0.0% 1 0 0.0% 3 0 0.0%
12-Dec 6 0 0.0% 6 0 0.0%
15-Dec 4 0 0.0% 4 0 0.0%
16-Dec 2 0 0.0% 2 0 0.0%
17-Dec 2 0 0.0% 2 0 0.0%
18-Dec 4 0 0.0% 4 0 0.0%
19-Dec 1 0 0.0% 2 0 0.0% 3 0 0.0%
20-Dec 1 0 0.0% 1 0 0.0%
21-Dec 0 0 0.0% 3 1 33.3% 3 1 33.3%
22-Dec 0 0 0.0% 0 0 0.0%
23-Dec 1 0 0.0% 1 0 0.0%
24-Dec 3 0 0.0% 3 0 0.0%
- continued -




Appendix Table A-6. Summary of coho salmon escapemernglsaifiom the Middle Skagit
sub-basin collected at a trap on Etach Slough operate8kayit
System Cooperative, 1988 (continued).

RACK RECOVERIES TRAP RECOVERIES SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags

Date Examined Found p Examined  Found p Examined  Found' p
25-Dec 1 0 0.0% 1 0 0.0%
26-Dec 0 0 0.0% 0 0 0.0%
27-Dec 2 0 0.0% 2 0 0.0%
28-Dec 1 0 0.0% 1 0 0.0%
29-Dec 1 0 0.0% 1 0 0.0% 2 0 0.0%
30-Dec 0 0 0.0% 20 0 0.0% 20 0 0.0%
31-Dec 0 0 0.0% 6 0 0.0% 6 0 0.0%
1-Jan 7 0 0.0% 7 0 0.0%
2-Jan 1 0 0.0% 6 0 0.0% 7 0 0.0%
3-Jan 0 0 0.0% 4 0 0.0% 4 0 0.0%
4-Jan 0 0 0.0% 56 0 0.0% 56 0 0.0%
5-Jan 6 0 0.0% 6 0 0.0%
6-Jan 1 0 0.0% 1 0 0.0%
7-Jan 4 0 0.0% 4 0 0.0%
9-Jan 0 0 0.0% 3 0 0.0% 3 0 0.0%
10-Jan 0 0 0.0% 3 0 0.0% 3 0 0.0%
11-Jan 0 0 0.0% 4 0 0.0% 4 0 0.0%
12-Jan 6 0 0.0% 6 0 0.0%
13-Jan 0 0 0.0% 2 0 0.0% 2 0 0.0%
14-Jan 2 0 0.0% 2 0 0.0%
15-Jan 1 0 0.0% 3 1 33.3% 4 1 25.0%
16-Jan 52 0 0.0% 52 0 0.0%
17-Jan 0 0 0.0% 22 0 0.0% 22 0 0.0%
18-Jan 6 0 0.0% 6 0 0.0%
19-Jan 1 0 0.0% 1 0 0.0% 2 0 0.0%
20-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
21-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
22-Jan 0 0 0.0% 0 0 0.0%
23-Jan 0 0 0.0% 0 0 0.0%
24-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
25-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
26-Jan 0 0 0.0% 0 0 0.0%
29-Jan 0 0 0.0% 0 0 0.0%
31-Jan 1 0 0.0% 1 0 0.0%
3-Feb 0 0 0.0% 0 0 0.0%
4-Feb 1 0 0.0% 1 0 0.0%
11-Feb 0 0 0.0% 0 0 0.0%
Subtotal 17 0 0.0% 288 3 1.0% 305 3 1.0%
IN-SAMPLE 28 2 7.1% 399 8 2.0% 427 10 2.3%

TOTAL

% Includes fish recovered with no tag but having ttmmiséary mark (an opercula punch) or
having an illegible tag.
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Appendix Table A-7.  Summary of coho salmon escapemerntlsarfiom the Upper
Skagit sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1988.

Survey Number of Number of % with Tags
Date Fish Examined  Tags Foundi (p)

27-Oct 0 0 0.0%
31-Oct 0 0 0.0%
18-Nov 2 0 0.0%
21-Nov 4 0 0.0%
28-Nov 2 0 0.0%
29-Nov 15 0 0.0%
1-Dec 2 0 0.(%
2-Dec 5 1 20.0%
3-Dec 2 0 0.0%
5-Dec 3 1 33.3%
6-Dec 29 1 3.4%
7-Dec 1 0 0.0%
8-Dec 3 0 0.0%
9-Dec 20 1 5.0%
12-Dec 7 0 0.0%
13-Dec 17 0 0.0%
15-Dec 4 0 0.0%
16-Dec 5 0 0.0%
19-Dec 1 0 0.0%
20-Dec 21 0 0.0%
21-Dec 6 0 0.0%
22-Dec 11 0 0.0%
23-Dec 5 1 20.0%
27-Dec 14 2 14.3%
28-Dec 2 0 0.0%
29-Dec 20 0 0.0%
30-Dec 8 0 0.0%
5-Jar 40 1 2.5%
6-Jar 2 0 0.0%
12-Jar 6 0 0.0%
13-Jar 1 0 0.0%
16-Jar 63 1 1.6%
18-Jar 0 0 0.0%
19-Jar 11 1 9.1%
20-Jar 4 0 0.0%
25-Jar 9 0 0.0%
26-Jar 10 0 0.0%
27-Jar 25 0 0.0%
3C-Jar 7 0 0.0%
6-Fek 21 0 0.0%
7-Fek 5 0 0.0%
9-Fek 7 0 0.0%
10-Fek 15 0 0.0%
14-Fek 2 0 0.0%
15-Fek 5 0 0.0%
17-Fek 19 1 5.3%
24-Fek 12 0 0.0%
1-Mar 4 0 0.0%
29-Mar 2 0 0.0%
IN-SAMPLE TOTAL 479 11 2.3%

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-8. Summary of coho salmon escapementlsarftom the Lower
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1988.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (9]
3-Nov 0 0 0.0%
14-Nov 0 0 0.0%
16-Nov 1 0 0.0%
28-Nov 7 0 0.0%
1-Dec 3 0 0.0%
8-Dec 10 1 10.0%
12-Dec 6 1 16.7%
15-Dec 13 0 0.0%
19-Dec 30 1 3.3%
22-Dec 4 0 0.0%
27-Dec 2 0 0.0%
29-Dec 39 1 2.6%
30-Dec 0 0 0.0%

6-Jan 12 1 8.3%
7-Jan 35 2 5.7%
13-Jan 5 1 20.0%
16-Jan 77 2 2.6%
19-Jan 1 0 0.0%
20-Jan 7 0 0.0%
26-Jan 23 0 0.0%
27-Jan 156 3 1.9%
30-Jan 4 0 0.0%
6-Feb 70 0 0.0%
7-Feb 70 1 1.4%
13-Feb 26 0 0.0%
16-Feb 22 0 0.0%
21-Feb 26 0 0.0%
27-Feb 5 0 0.0%
IN-SAMPLE 654 14 2.1%

TOTAL

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-9. Summary of coho salmon escapemergleaiinom the Middle
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1988.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (9]
22-Oct 0 0 0.0%
27-Oct 0 0 0.0%
3-Nov 0 0 0.0%
14-Nov 2 0 0.0%
18-Nov 0 0 0.0%
28-Nov 0 0 0.0%
1-Dec 5 0 0.0%
2-Dec 5 0 0.0%
9-Dec 12 0 0.0%
16-Dec 12 0 0.0%
19-Dec 63 5 7.9%
22-Dec 34 0 0.0%
29-Dec 63 0 0.0%
4-Jan 29 0 0.0%
6-Jan 35 0 0.0%
11-Jan 15 1 6.7%
13-Jan 60 0 0.0%
19-Jan 19 0 0.0%
20-Jan 61 1 1.6%
25-Jan 58 1 1.7%
27-Jan 113 1 0.9%
6-Feb 21 0 0.0%
7-Feb 10 0 0.0%
10-Feb 7 0 0.0%
13-Feb 36 1 2.8%
23-Feb 23 0 0.0%
IN-SAMPLE 683 10 1.5%
TOTAL

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-10. Summary of coho salmon escapemenilesifitom the Upper
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1988.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (9))
2-Nov 3 1 33.3%
16-Nov 2 0 0.0%
1-Dec 1 0 0.0%
8-Dec 5 0 0.0%
16-Dec 5 0 0.0%
22-Dec 5 0 0.0%
29-Dec 9 1 11.1%
4-Jan 3 0 0.0%
18-Jan 1 0 0.0%
24-Jan 9 1 11.1%
10-Feb 5 1 20.0%
15-Feb 2 0 0.0%
IN-SAMPLE 50 4 8.0%
TOTAL

? Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-11. Summary of coho salmon escapementlesifiom the Suiattle sub-
basin collected during spawning ground surveys by Skagit System
Cooperative crews and at a trap on Suiattle Slough, 1988.

SURVEYS SUIATTLE TRAP SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags

Date Examined Found p Examined Found p Examined Found p
14-Nov 1 0 0.0% 1 0 0.0%
21-Nov 2 0 0.0% 2 0 0.0%
26-Nov 2 0 0.0% 2 0 0.0%
28-Nov 4 0 0.0% 4 0 0.0%
5-Dec 10 0 0.0% 1 0 0.0% 11 0 0.0%
7-Dec 3 0 0.0% 3 0 0.0%
9-Dec 1 0 0.0% 1 0 0.0%
12-Dec 2 0 0.0% 2 0 0.0%
13-Dec 3 0 0.0% 3 0 0.0%
14-Dec 18 1 5.6%) 1 0 0.0% 19 1 5.3%
16-Dec 1 0 0.0% 1 0 0.0%
21-Dec 46 1 2.2%) 2 0 0.0% 48 1 2.1%
27-Dec 3 0 0.0% 3 0 0.0%
28-Dec 101 2 2.0%| 101 2 2.0%
30-Dec 22 1 4.5% 22 1 4.5%
1-Jan 6 1 16.7% 6 1 16.7%
3-Jan 0 0.0% 3 0 0.0%
4-Jan 19 0 0.0% 19 0 0.0%
5-Jan 13 0 0.0% 13 0 0.0%
6-Jan 87 3 3.4% 1 0 0.0% 88 3 3.4%
9-Jan 4 0 0.0% 4 0 0.0%
10-Jan 4 0 0.0% 4 0 0.0%
11-Jan 2 0 0.0% 2 0 0.0%
13-Jan 6 0 0.0% 6 0 0.0%
15-Jan 6 0 0.0% 6 0 0.0%
17-Jan 86 1 1.2% 20 0 0.0% 106 1 0.9%
18-Jan 13 0 0.0% 13 0 0.0%
19-Jan 8 1 12.5% 2 0 0.0% 10 1 10.0%
20-Jan 2 0 0.0% 2 0 0.0%
23-Jan 51 2 3.9% 5 0 0.0% 56 2 3.6%
24-Jan 3 0 0.0% 3 0 0.0%
25-Jan 3 0 0.0% 3 0 0.0%
27-Jan 9 0 0.0% 9 0 0.0%
30-Jan 72 1 1.4% 6 0 0.0% 78 1 1.3%
31-Jan 16 0 0.0% 16 0 0.0%
6-Feb 1 0 0.0% 1 0 0.0%
9-Feb 3 0 0.0% 3 0 0.0%
14-Feb 5 0 0.0% 5 0 0.0%
IN-SAMPLE 494 12 2.4% 185 2 1.1% 679 14 2.1%

TOTAL

a

Includes fish recovered with no tag but having tlemsgary mark (an opercula punch) or having an
illegible tag.
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Appendix Table A-13. Summary of coho salmon escapemenplesnifrom the

Carpenter sub-basin collected during spawning ground surveys
by Skagit System Cooperative crews and at a trap on @arpe
Creek Slough, 1988.

SURVEYS SLOUGH TRAP SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
4-Nov 1 0 0.0%) 1 0 0.0%)
6-Nov 135 0 0.0%) 135 0 0.0%)
7-Nov 115 0 0.0%) 115 0 0.0%)
8-Nov 2 0 0.0%) 30 0 0.0%) 32 0 0.0%)
9-Nov 1 0 0.0%) 1 0 0.0%)
11-Nov 1 0 0.0%) 1 0 0.0%)
13-Nov 7 0 0.0%) 7 0 0.0%)
14-Nov 1 0 0.0%) 1 0 0.0%)
16-Nov 1 0 0.0%) 1 0 0.0%)
21-Nov 5 0 0.0%) 5 0 0.0%)
22-Nov 143 0 0.0%) 143 0 0.0%)
23-Nov 80 0 0.0%) 80 0 0.0%)
24-Nov 17 0 0.0%) 17 0 0.0%)
25-Nov 4 0 0.0%) 4 0 0.0%)
26-Nov 3 0 0.0%) 3 0 0.0%)
27-Nov 0 0 0.0%) 0 0 0.0%)
28-Nov 2 0 0.0%) 2 0 0.0%)
29-Nov 24 0 0.0%) 24 0 0.0%)
30-Nov 5 0 0.0%) 5 0 0.0%)
1-Dec 0 0 0.0%) 1 0 0.0%) 1 0 0.0%)
5-Dec 13 0 0.0%) 13 0 0.0%)
6-Dec 1 0 0.0%) 1 0 0.0%)
7-Dec 3 0 0.0%) 8 0 0.0%) 11 0 0.0%)
8-Dec 3 0 0.0%) 3 0 0.0%)
9-Dec 7 0 0.0%) 4 0 0.0%) 81 0 0.0%)
10-Dec 2 0 0.0%) 2 0 0.0%)
11-Dec 1 0 0.0%) 1 0 0.0%)
12-Dec 0 0 0.0%) 33 0 0.0%) 33 0 0.0%)
13-Dec 2 0 0.0%) 13 0 0.0%) 15 0 0.0%)
14-Dec 10 0 0.0%) 10 0 0.0%)
15-Dec 19 0 0.0%) 4 0 0.0%) 23 0 0.0%)
16-Dec 1 0 0.0%) 1 0 0.0%)
17-Dec 2 0 0.0%) 2 0 0.0%)
19-Dec 2 0 0.0%) 2 0 0.0%)
20-Dec 1 0 0.0%) 1 0 0.0%)
21-Dec 2 0 0.0%) 2 0 0.0%)
22-Dec 23 0 0.0%) 23 0 0.0%)
23-Dec 0 0 0.0%) 0 0 0.0%)
26-Dec 0 0 0.0%) 0 0 0.0%)
30-Dec 2 0 0.0%) 2 0 0.0%)
31-Dec 1 0 0.0%) 1 0 0.0%)
1-Jan 1 0 0.0%) 1 0 0.0%)
2-Jan 3 0 0.0%) 3 0 0.0%)
3-Jan 2 0 0.0%) 0 0 0.0%) 2 0 0.0%)
12-Jan 0 0 0.0%) 0 0 0.0%)
13-Jan 27 0 0.0%) 27 0 0.0%)
IN-SAMPLE 172 0 0.0%] 666 0 0.0%] 838 O 0.0%]
TOTAL

Includes fish recovered with no tag but having the seegndeark (an opercula punch) or having an
illegible tag.
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Appendix Table A-14. Summary of coho salmon escapemenplesnifrom the
Cascade sub-basin collected during spawning ground surveys
by Skagit System Cooperative crews, 1988.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (9))
7-Nov 1 0 0.0%
14-Nov 1 0 0.0%
17-Nov 14 0 0.0%
19-Nov 3 0 0.0%
28-Nov 6 0 0.0%
30-Nov 9 0 0.0%
5-Dec 11 0 0.0%

6-Dec 21 0 0.0%
12-Dec 11 0 0.0%
16-Dec 5 0 0.0%
19-Dec 19 1 5.3%
20-Dec 1 1 100.0%
27-Dec 5 0 0.0%
28-Dec 22 0 0.0%

4-Jan 16 0 0.0%

9-Jan 23 3 13.0%

10-Jan 1 1 100.0%

17-Jan 1 0 0.0%

18-Jan 5 0 0.0%

24-Jan 0 0 0.0%

25-Jan 4 1 25.0%

26-Jan 2 0 0.0%

30-Jan 4 0 0.0%

7-Feb 2 0 0.0%
14-Feb 4 0 0.0%
22-Feb 0 0 0.0%
23-Feb 0 0 0.0%

IN-SAMPLE 191 7 3.7%
TOTAL

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-15. CPUE (catch per beach seine setplad salmon bound for
major recovery areas in the Skagit River, 1988. CPUE for
recovery areas estimated using in-sample tag recoveries.

Recoveries by release strata.
Number Coho Catch/ MM Baker R. Middle

Tag Release Period of Sets Catch Set Hatchery Trap Skagi
1. 01-Sep to 10-Sep 0 0 0 0 0
2. 11-Sep to 20-Sep 58 264 4.6 15 5 0
3. 21-Sep to 30-Sep 33 133 4.0 9 5 0
4. 01-Oct to 10-Oct 50 657 13.1 76 19 3
5. 11-Oct to 20-Oct 42 607 14.5 80 23 5
6. 21-Oct to 30-Oct 43 407 9.5 42 14 2
7. 31-Oct to 09-Nov 34 90 2.6 6 1 0
8. 10-Nov to 19-Nov 23 82 3.6 3 0 0
9. 20-Nov to 29-Nov 0 0 0 0 0

10. 30-Nov to 09-Dec 0 0 0 0 0
Totals 283 2,240 7.9 231 67 10|

CPUE of fish bound for indicated recovery
areas.

Release MM Baker R. Middle
Period Hatchery Trap Skagi
1 0.00 0.00 0.00

2 0.26 0.09 0.00

3 0.27 0.15 0.00

4 1.52 0.38 0.0§

5 1.90 0.55 0.12

6 0.98 0.33 0.0§

7 0.18 0.03 0.00

8 0.13 0.00 0.00

9 0.00 0.00 0.00

10 0.00 0.00 0.00
Totals 5.24 1.52 0.23

CPUE standardized as a percentage of tojal
for area.

Release MM Baker R. Middle
Period Hatchery Trap Skagi

1 0.0% 0.0% 0.09

2 4.9% 5.7% 0.0%

3 5.2%  10.0% 0.09

4 29.0% 25.0% 26.6%

5 36.4% 36.0% 52.8%

6 18.6% 21.4% 20.6%

7 3.4% 1.9% 0.0%

8 2.5% 0.0% 0.09

9 0.0% 0.0% 0.09

10 0.0% 0.0% 0.09
Totals  100.0% 100.0%  100.09
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Appendix Table A-16. Summary of the number of tag releama$ number of
in-sample tag recoveries by length for male and feroale
salmon tagged in the lower Skagit River, 1988.

MALES FEMALES
Length Number Number Percent Number Number Percent
in cm Released Recovered Recovered Released Recovered Recovered
<35 10 0 0.0% 0 0 0.0%
36 8 1 12.5% 0 0 0.0%
37 5 0 0.0% 0 0 0.0%
38 6 1 16.7% 1 0 0.0%
39 8 0 0.0% 1 0 0.0%
40 14 0 0.0% 0 0 0.0%
41 22 2 9.1% 0 0 0.0%
42 26 0 0.0% 0 0 0.0%
43 36 2 5.6% 0 0 0.0%
44 31 5 16.1% 0 0 0.0%
45 35 4 11.4% 3 2 66.7%
46 63 6 9.5% 1 1 100.0%
47 51 7 13.7% 2 1 50.0%
48 58 12 20.7% 10 0 0.0%
49 61 2 3.3% 13 2 15.4%
Subtotal 434 42 9.7%
50 53 10 18.9% 16 5 31.3%
51 70 12 17.1% 18 2 11.1%
52 56 13 23.2% 35 8 22.9%
53 75 20 26.7% 26 8 30.8%
54 62 21 33.9% 41 5 12.2%
55 54 18 33.3% 45 12 26.7%
56 37 14 37.8% 63 15 23.8%
57 47 11 23.4% 59 13 22.0%
58 32 9 28.1% 70 23 32.9%
404 97 24.0%
59 31 9 29.0% 47 6 12.8%
60 36 10 27.8% 48 9 18.8%
61 32 11 34.4% 42 3 7.1%
62 21 5 23.8% 53 13 24.5%
63 18 6 33.3% 32 6 18.8%
64 23 4 17.4% 36 5 13.9%
65 21 5 23.8% 27 0 0.0%
66 22 7 31.8% 20 2 10.0%
67 15 3 20.0% 18 1 5.6%
68 16 3 18.8% 15 2 13.3%
69 17 5 29.4% 9 2 22.2%
70 10 1 10.0% 3 0 0.0%
71 9 2 22.2% 2 0 0.0%
72 6 3 50.0% 1 1 100.0%
73 4 0 0.0% 0 0 0.0%
74 5 0 0.0% 0 0 0.0%
75 2 0 0.0% 0 0 0.0%
76 1 0 0.0% 0 0 0.0%
77 1 0 0.0% 0 0 0.0%
78 1 0 0.0% 0 0 0.0%
79 1 0 0.0% 0 0 0.0%
80 0 0 0.0% 0 0 0.0%
>8C 1 0 0.0% 0 0 0.0%
Subtotal 779 202 25.9% 353 50 14.2%
TOTAL 1,213 244 20.1% 757 147 19.4%
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Appendix Table A-17. Daily summary of the numbers of cshtmon tagged in the lower
Skagit River and recovered during in-sample surveys, byreteqse
condition, and maturity classification, 1988.

SEX CONDITION MATURITY
Male Female X b3 X+ Bright Blush Dark

Date Rel. Rec. Rel. Rec| Rel. Rec Rel. Rec. Rel. Rec Rel. Rec. Rel. Rec. Rel. Rec
12-Se 23 1 11 1 2 0 0 0 32 2 34 2 0 0 0 0
13-Se 41 6 19 2 4 0 56 8 0 0 60 8 0 0 0 0
15-Se 10 0 12 0 1 0 21 0 0 0 22 0 0 0 0 0
16-Se 4 1 8 3 3 1 9 3 0 0 12 4 0 0 0 0
19-Se 25 5 20 6 1 0 44 11 0 0 45 11 0 0 0 0
20-Se 28 5 16 6 2 0 42 11 0 0 4 11 0 0 0 0
23-Se 40 9 24 7 1 0 63 16 0 0 60 15 4 1 0 0
27-Se 11 4 7 5 3 1 15 8 0 0 18 9 0 0 0 0
28-Se 25 8 10 5 3 1 32 12 0 0 34 12 1 1 0 0
3-Oct 68 15 38 3 5 0 101 18 0 0 96 18 9 0 0 0
4-Oct 33 5 28 8 0 0 61 13 0 0 61 13 0 0 0 0
6-Oct] 49 11 38 7 3 0 83 17 1 1 85 18 2 0 0 0
7-Oct] 104 25 60 9 1 0 163 34 0 0 160 32 3 1 1 1
10-Oct 113 17 40 5 2 0 151 22 0 0 149 22 4 0 0 0
11-Oct 34 7 18 5 2 0 50 12 0 0 44 9 8 3 0 0
13-Oct 48 13 41 10 0 0 89 23 0 0 83 21 6 2 0 0
14-Oct 185 42 110 23 7 2 288 63 0 0 250 54 45 11 0 0
20-Oct 64 16 34 6 0 0 98 22 0 0 68 15 29 7 1 0
21-Oct 115 20 61 10 5 1 171 29 0 0 125 17 50 13 1 0
25-Oct 45 10 35 9 0 0 80 19 0 0 66 13 13 5 1 1
26-Oct 35 3 31 3 0 0 66 6 0 0 61 6 5 0 0 0
28-Oct 43 9 23 3 1 0 65 12 0 0 59 9 7 3 0 0
1-NoV] 16 3 21 5 1 0 36 8 0 0 30 5 7 3 0 0
2-NoV] 18 3 14 1 0 0 32 4 0 0 23 2 4 1 5 1
9-NoV] 9 3 9 1 1 1 17 3 0 0 8 1 5 1 5 2
10-No 2 0 2 0 0 0 4 0 0 0 2 0 2 0 0 0
15-No 25 3 27 4 1 0 51 7 0 0 46 6 6 1 0 0
Total 1,213 244 757 147 49 7 1,888 381 33 3[ 1,745 333 210 53 14 5
% Recovered 20.1 19.4 14.3 20.2 9.1 19.1 25.2 35.7
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Appendix Table A-18. Summary of the estimated number of frags areas downstream of
the tagging area in the lower Skagit River, 1988.

A. Downstream commercial fishery and test fishetgloas.

Catch Catch  Number Number  Estimated

Before After of Fish of Tags Total Tags

Area Tagging Tagging Examined Found Present
8E 0 1,946 532 0
8 88 1,230 300 0
78C 794 3,657 696 0
Test Fishery/ 331 2,289 2,276 2
78D-1, 78D-2 1 2,243 1,264 1

Total 1,214 11,365 5,068 3 6.7

& Catches prior to tagging not included in tag recovery esipas.

® Test fisheries at Area 2, Blakes, Bay, and Jetty.

¢ Estimated catch below the tagging area by the comahdisliery after the onset of
tagging.

B. Downstream spawning areas (redd data from Conrad[@B8B]).

Estimated Estimated Estimated Number Number Estimgted
Number  Number of Total of Fish of Tags Total Tags
Area of Redds Fish/Redd Escapement Examined Found Pregent
Carpenter 1,541 1.2 1,849 838
Nookachamps 1,171 1.2 1,405 419
Total 2,712 3,254 1,257 1 2.6
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APPENDIX B

Details of abundance estimates generated for 1988.
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APPENDIX B

RECOVERY LOCATION: Marblemount Hatchery
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 8,783
Number of Tagged or Marked Fish Recovered = 263

RECOVERY LOCATION: Baker River Trap
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 2,781
Number of Tagged or Marked Fish Recovered = 77

RECOVERY LOCATION: Marblemount-Baker Pooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 11,564
Number of Tagged or Marked Fish Recovered = 340
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APPENDIX B

RECOVERY LOCATION: Lower Sauk Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 654
Number of Tagged or Marked Fish Recovered = 14

RECOVERY LOCATION: Suiattle Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 679
Number of Tagged or Marked Fish Recovered = 14

RECOVERY LOCATION: Upper Skagit Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 479
Number of Tagged or Marked Fish Recovered = 11
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APPENDIX B

RECOVERY LOCATION: Middle Sauk Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 683
Number of Tagged or Marked Fish Recovered = 10

RECOVERY LOCATION: Cascade Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 191
Number of Tagged or Marked Fish Recovered = 7

RECOVERY LOCATION: Upper Skagit-Lower Sauk-Middle Sauk-Sigatt
Cascade Pooled

ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 2,686
Number of Tagged or Marked Fish Recovered = 56
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APPENDIX B

RECOVERY LOCATION: Marblemount-Baker-Upper Skagit-LovEauk-Middle Sauk-
Suiattle-Cascade Pooled

ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 1,970

Number of Fish Examined for Tags = 14,250
Number of Tagged or Marked Fish Recovered = 396
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